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Course Handouts for A Crash Course in Java, by William Pugh
Course taught July 30-31, 1998
Course web page http://www.cs.umd.edu/~pugh/javalcrashCourse

Handout materials:
* This page
» Names of all of the java programs whose listing is included in this handout
» Slide handouts, 2 slides per page, 222 slides
* Listings of sample java programs, in alphabetical order, 4-up
— some adapted from demo applets distributed with Sun's JIDK

The course web page has copies of the handouts and the slides available in PDF form, as well as
source and executable versions of all the programs. The PDF for the slides is not printable; for the
handoults, the version that is printable requires a password. People/organizations registered for the
course should receive the password for the printable version.

Students taking the course who have laptops are wel come/encouraged to download a copy of the
slides and programs before the class.

This handout is formatted for double-sided printing; blank slides have been inserted so that each
session starts at the top of an odd numbered page.



Very simple Java programs

HelloWorld.java
HelloworldApplet.java
Draw.java
DisplayTextApplet.java
FloatTextApplet.java
Echo.java

Slightly mor e involved java programs. More fun to run than read.

Clock.java
ClockO.java
CountDown.java
Graph.java
TicTacToejava
Timer.java
InvokeMain.java

Classesfor an applet showing animation of sorting algorithms

BidirBubbleSortAlgorithm.java
BubbleSortAlgorithm.java
QSortAlgorithm.java
SortAlgorithm.java
Sortltem.java

Java Programs to show mor e complicated featur es of Java
TestArrayTypesjava
Complex.java
LinkedList.java
Overridejava
EventHandling.java

Programsto test java multithreading

ThreadDemo.java
SyncTest.java
UnSynch.java

Utility classesfor Applets

FlickerFreeApplet.java
AppletFrame.java

Java Appletsto demonstrate Java AWT layout managers

LayoutTest.java
BorderLayoutTest.java
FlowLayoutTest.java
GridLayoutTest.java
GridBagLayoutTest.java
GridBagLayoutTest2.java
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Crash Course in Java

Roadmap

« Day 1

- o What makes Java different (11-noon)

- o Basics (12:30 - 1:20)

- o Object Oriented Programming in Java (1:30 - 2:30)

> o Applications, Applets and Graphics (3-3:50)

-3 o Java Programming environments (4 - 5)
o Day 2

-3 ¢ EXxceptions and inner classes (11-noon)
e Multithreading and synchronization (12:30 - 1:20)
e GUI events and the Abstract Windowing Toolkit (1:30 - 2:30)
e Libraries (3-3:50)
e Advanced capabilities and libraries (4 - 5)

R
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Some notes about these dlides/handouts

« Some pages are left blank intentionally
o so that the first slide for each session starts at the
top of a page of handouts
e In some PDF versions of these slides and handouts
e printing is disabled
o People taking the course from me can get a version
of the handouts that can be printed
e password protected

This slide intentionally left blank
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What M akes Java Different

Day 1, Session 1

What makes Java Different

o Javais specified

o KISS principle applied

o Semantics are architecture insensitive
o Safe/Secure

« A modern programming language
o Fewer bugs?

o Libraries Galore!

o Speed

o Versions

o The Hype

o Microsoft’'s J++ vs. Java

© 1998 by William Pugh, pugh@cs.umd.edu
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Javais specified

o Pascal/C/C++isn’t
e 1000*1000
e (-5)/10
e int a[10]; for(int i=0;i<=10;i++) a[i] = O;
o delete p; g = new foo(); x = p->key; p->key = 0;
e *(int *)(randon()) =0
o The Java specification (is intended) to completely
specify the behavior of all programs
e Not just “correct” programs
e Caveat - multi-threading, random numbers, ...
e specified but has multiple valid implementations
e All run-time errors must be caught
e Can make promises about what might happen

KISS principle applied

o Many useful features were removed from C++
e« Makes language easier to learn and implement
e oOperator overloading
e user-definable coercions
e templates
e multiple inheritance
e multiple supertypes still allowed
e structs/unions
e unsigned integers
e stand-alone functions

o Not essential

© 1998 by William Pugh, pugh@cs.umd.edu
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Semantics are architecture insensitive

 Not sensitive to:

e size of machine word
o floating point format (must use IEEE 754)
e Big-endian/little-endian

o« Compiled to machine-independent byte-code
« Many C/C++ programs break

e when moved to machine with
e different word size
e different endian

Safe/Secure

o Can strictly limit access of a chunk of code (relies on
language being specified, even for buggy programs)

e Default behavior for untrusted code:
e Can’'t access files
e Network connections are restricted

« Can verify compiled codes!

o Denial of service attacks possible
e and hard to prevent

o Security bugs possible

« Javais one of the smaller security risks on the net
o Downloadable executables

o Security Risks

10
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Security Risks

If you run an program in an insecure mode
e It can do anything you can do
e It can set up a spy to watch what you do
This includes
e Erase your hard disk
e Shut down your computer
e Infect you with a virus
e Make your Internet connection dial long distance
e Add some Quicken wire transfers

All C/C++ programs run in an insecure mode
Signed code -- A solution?

11

Signed code -- A solution?

« Provides "proof" of who wrote the code

e You might trust big companies
e Allow you to track down perpetrators

o Can be signed by third parties

o If aweb page erases your hard disk

e allows you to easily determine who did it
e but subtle attacks might be hard to catch

o No protection against bugs

e or malicious exploitation of bugs
o Active-X and Java code can be signed
o Privileges bestowed to signed code

12
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Privileges bestowed to signed code

e You can set policies about which signatures give
what privileges
o In Active-X, all or nothing

e |In Java

e version 1.1 - applet sandbox or full power
e version 1.2 - finer control

13

A modern programming language

« Includes many features that PL researchers have
been advocating for years (but never caught on in
mass-market)

e strong type system

e multi-threading and synchronization
e garbage collection

e exceptions

e class Class

e class Object

o« Not an embarrassment to academic CS

o Adapts ideas from: C++, Smalltalk, Lisp, Modula-3,
Objective-C

14
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Fewer bugs?

« Many bugs are memory management bugs
o Pointers also cause problems

o NoO guarantee that shipping Java programs won't hit
Exceptions/Errors
e Butthe bugs won’t propagate far

15

Libraries Galorel

o Java has a huge collection of libraries
o Utilities (collection classes, Zip files, Internationalization)
e Graphics/Media (2D/3D, Sound, Video)
e Graphical User Interfaces
e Networking (sockets, URL’'s, RMI, CORBA)
e Threads
o Databases
e Cryptography/Security
e Increasing in each version (1.0 - 1.1 - 1.2)

« No other programming environments
e With libraries this complete
e cross-platform

« Huge improvement in programmer productivity y

© 1998 by William Pugh, pugh@cs.umd.edu
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Speed

« Many JVM’s are slow, but situation improving
o« JVM’s that do Just-in-time compilation

o Native code compilers
e need to allow for dynamically loaded code
o Byte code optimizers, shrinkers and obsfucators

e« Sun’s Hotspot JVM
« How bad is it really?

17

How bad isit really?

o Prime number sieve - primes less than 100,000

e Sun Solaris JDK 1.1.6 70 seconds
e Sun Solaris JDK 1.2beta3/JIT 27 seconds
e Sun Solaris gcc -0O4 21 seconds

o Developers use a different coding style for Java

e Lots of little methods/objects, run-time type dependent stuff
e This is a good thing; better programmer productivity?
e« But makes it hard to generate efficient code

18
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Versions

Version 1.0.2 - First stable version
e Implemented in 3.x and 4.0 Netscape and IE
Version 1.1.x - Java 97

e Significant changes to GUI event model
e Lots of new features

e Available in updates to Netscape and IE
e This talk assumes using at least Java 1.1

Java Plug-in

Version 1.2

o 1.2[34 released early July, 1998
e 1.2.0 official release scheduled Sept 21st, 1998

Version 1.2 / Hotspot JVM

e Beta3Q 1998
o Official release end of 1998 19

The Hype

Cover of Businessweek 1?1?

Incredibly important to where Java is today
e good tools
e wide availability of tools and support
e lots of libraries
e excessive hype
e overhype backlash

C++ was born in the early 80’s
e took a decade to mature
The downside
e Hasty decisions have been cast in stone
e A number of poor designs exist in the libraries

o difficult to fix without breaking code
e Religion, heat and flames 20

10
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Microsoft’s H+ vs. Java

 Bad blood between Sun and Microsoft over Java
o Microsoft's viewpoint
o Microsoft’'s changes to core Java functionality

21

Bad blood between Sun and Microsoft over Java

e Sun’sideais that Java allows you to write software
not dependent on a particular operating system or
processor

o Obviously not in Microsoft’s interest

e« There is a lawsuit/countersuit between Sun and
Microsoft over Java

o« From NY Times article, May 25, 1998

e “necessary to fundamentally blunt Java momentum” in order
“to protect our core asset, Windows” - Paul Maritz, a Microsoft
group vice president

e “Strategic Objective: kill cross-platform Java by growing the
polluted Java market.” - internal Microsoft planning document

22
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Microsoft’s viewpoint

o Javais a good programming language
o Our implementation is the fastest

o Our implementation is more compatible than
Netscape’s

o J++ allows/encourages you write Java programs
exploit Windows-only features for better
performance

o fairly clear about when you use Windows-specific features
e (but see next slide)

o Microsoft doesn’t promise to track all of Sun’s

changes to Java
e Java 1.2 changes (New security model, Swing, collections, ...)
o Remote Method Invocation 23

Microsoft’s changes to core Java functionality

o Microsoft has made minor changes to core
packages such as j ava. | ang
e Some changes are not documented

e Some changes expose private variables or Windows-specific
features

e Bad API/Programming style

e Understandable - allows more efficient interfaces
e Some changes are incomprehensible

e e.9., leaving off a 3 line method

e Either sloppy or malicious

o Unlikely to surprise developers

24
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A crash ¢
course in AVA

Basics

Day 1, session 2

Basics

o Mostly C/C++ syntax: statements
o Mostly C/C++ syntax: expressions
o Hello World example

« Naming conventions

o Values

o Object operations

o Special Objects

o Object/memory allocation

o Garbage Collection

o Other notes

o What is missing?
26
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Mostly C/C++ syntax: statements

« Empty statement, expression statement
o blocks{...}

 if, switch, while, do-while, for

o break, continue, return

e any statement can be labeled
e break and continue can specify a label
e continue must specify a loop label

o throw and try-catch-finally
e synchronized
« No goto

27

Mostly C/C++ syntax: expressions

o Standard math operators: +, -, *, /, %

o Bit operations: &, |, *, ~, <<,>>, >>>

o Update operators: =, +=, -=, *=, /=, %=, ...

o Relational operations: <, <=, ==>=>, 1=

o Boolean operations: &&, ||, !

o Conditional expressions: b ? el : e2

o Select methods/variables/class/subpackage: .
o Class operators: new, instanceof, (Class)

e No pointer operations: *, &, ->

28

14
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Hello World example

public class Hell oWrl dApplication {
public static void main(String [] args) {
if (args.length == 1)
Systemout.printin("Hello " + args[0]);
el se Systemout.println("Hello Wrld");
}

29

Naming conventions

o Classes/Interfaces start with a capital letter

o packages/methods/variables start with a lowercase
letter

o ForMultipleWords, capitalizeTheFirstLetterOfEachWord
o Underscores_discouraged
o CONSTANTS arein all uppercase

30

1
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Values

o Object reference: null or areference to an object
e boolean (Not a number or pointer/reference)

o char (UNICODE; 16 bits, almost a unsigned int)

o byte (8 bits signed)

o short (16 bits signed)

o int (32 bits signed)

« long (64 bits signed)

« float (32 bits IEEE 754)

« double (64 bits IEEE 754)

o Objects and References

31

Objects and References

All objects are allocated on the heap
No object can contain another object

All class variables/fields are references to an object
e Areference is almost like a C/C++ pointer, except
e Can only point to start of heap allocated object
e No pointer arithmetic
e Use .rather than ->to access fields/methods

String Example

32

16
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String Example

Stringa=" Ti=pie";
String b = a.substring(2,4);
a | S—
b /. \( String )
(char [] ) count
' 6
(" string ) length 6
offset 0
count 2 0 -
offset 2 1 ! value _*
~ 2 ; A) g
value 3
4 |
g _/
5 e
\ _/
33
Object operations
e = assignment
e For object references: copies reference, not object
o == equality test
e For object references: true if references to same object
o foo.equals(bar)
e By default, same as ==, but can/should be overridden
o foo.toString()
e Returns String representation, can/should be overridden
o More Object operations
34

17
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More Object operations

f oo. cl one()
e Returns a shallow copy of f oo (not supported on all Objects)

f 0oo. get A ass()
e Returns class of f oo (result is of type C ass)

foo i nstanceof Bar
e trueif objected referenced by f 0o is a subtype of class Bar

(Bar) foo
e Run-time exception if the object referenced by f oo is not a
member of a subclass of Bar

e Compile-time error if Bar is not a subtype of f oo (i.e., if it
always throws an exception)

e Doesn’t transform anything just lets us treat the result as if it
were of type Bar

35

Special Objects

o Arrays
o String

36

© 1998 by William Pugh, pugh@cs.umd.edu
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Arrays

o Are aspecial kind of object (with lots of syntactic
sugar)

o Can declare arrays of any type

o Arrays have one instance variable: length

« they also have contents indexed with a subscript of O
... length-1

« Can be initialized using {val, val, ..., val } notation
e Initializing huge arrays this way is inefficient
o Array declarations

37

Array declarations

« A little surprising for C/C++ programmers

e int[] Aandint A[] haveidentical semantics

e declares Ato be a variable that contains a reference to an array
of int’s
e int[] A], B;
e Ais arefto an array of ref’'s array of int’s
e Bis arefto an array of int’s

 None of these allocate an array

« A =newint [10] allocates an array of 10 int’s
and makes Abe areference to it

o Array example

38

19
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Array example

int[] arrayl = {1, 3, 5};
int[][] a = new int[10][3];
/1l a.length == 10

/1 a[7].length ==

a[5][2] = 42;
a[9] = arrayl;
Il a[9][2] == 5

/'l Use of array initializers

int[][] twoD = {{1,2,3},{4,5}, {6}};
bject [] args = {"one", "two", a };
mai n(new String [] {"a", "b", "c"});

String

A class for representing non-mutable strings

o “string constants” in program are converted into a
String

« + does string concatenation

e In some contexts, objects are automatically
converted to St ri ng type

o More about strings later...

public static void printArray(Object [] a) {
for(int i=0; i < a.length; i++)
Systemout.printin("a[" +i + "] =" + a[i]);
}

40
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Object/memory allocation

« The only way/time an object gets allocated is:
e by executing new
e One object per invocation of new
e by having a array constant (e.g., {5, -5, 42})
e having a string constant (e.g.,"Hel l o Worl d!'")
o Declaring areference variable doesn’t allocate an object

o Allocating an array doesn’t automatically allocate the contents
of the array

e multi-array creationint [][] a = new int[10][ 10];

e Equivalent to (but faster than):
int [][]a new i nt[10];
for(int i 0; i <10; i++) a[i] = new int[10];

o No explicit deallocate is required/allowed

41

Garbage Collection

o Java uses garbage collection to find objects that
cannot be referenced

e (e.g.,do not have any pointers to them)

o Garbage collection not currently a major bottleneck

e Not as fast as it should be
o Faster Garbage Collectors coming

42
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Other notes

o Forward references resolved automatically
e Can refer to method/variable defined later in class

o Allinteger math performed using int's or longs
e Problems for unsigned shifts of shorts/bytes

o Integer division by zero raises an exception

o Integer overflow is handled by dropping extra bits

o Floating point errors create special values (NaN,
POSITIVE_INFINITY, ...)

o Separate name spaces for methods, classes,
variables, ...
e Can produce confusing error messages

43

What Is missing?

o No preprocessor (#include, #define, #ifdef, ...)
o No struct’s or union’s

« No enumerated types

o No bit-fields

o No variable-length argument lists

o Multiple inheritance

o Operator overloading

o Templates / Parameterized types
e Maybein 1.3/2.0
e 3 papers at OOPSLA98, some with Sun co-authors

e Likely to require no changes to VM
44

22
© 1998 by William Pugh, pugh@cs.umd.edu



Crash course in Java, by William Pugh http://www.cs.umd.edu/~pugh/java/crashCourse

http://ww. cs. und. edu/ ~pugh/j ava/ crashCour se

A crash ¢
course in AVA

Object Oriented
Programming

Day 1, session 3

Objects, Classes and Interfaces

o Java Objects, constructors, instance variables and
methods

o Superclasses and Interfaces

o public/protected/private methods
o class methods and variables

o final methods

46

2
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Classes

o Each object is an instance of a class
e An array is an object
o Each class is represented by a class object
e (oftype d ass)
o Each class extends one superclass
e (Obj ect if not specified)
e except class hj ect , which has no superclass

47

More about Classes

o Each class has an associated set of methods and
fields/variables
o Variables hold primitive values or object references
o Use ‘.’ to access object fields
e Vvariables and methods
e €.0.,X.y(a.hb)
o« Most methods are invoked using C++ virtual method
semantics
e except static, private and final methods

48
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Class Modifiers

o publi c -class is visible outside package
o final - No other class can extend this class

e abstract - noinstances of this class can be created
e instances of extensions of it can

49
class Complex - atoy example
public class Conpl ex {
double r,i;
Conpl ex (double r, double i) {
this.r =r;
this.i =i;
}
Conpl ex plus(Compl ex that) {
return new Conpl ex( public static void main(String [] args)
r + that.r, Conpl ex a = new Conplex (5.5,9.2);
i+ that.i); Conpl ex b = new Conpl ex (2.3,-5.1);
} Conpl ex c:
public String toString() { c = a.plus(b);
return “(* +r Systemout.printin(“a = “ + a);
LA S B D Systemout.printin(“b = “ + b);
} Systemout.printin(“c = “ + c);
}
}
a =(5.519.2)
b =(2.3,-5.1)
c = (7.8 4. 1)

50
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Detalls

e« You can overload method names

e The method invoked is determined by both the name of the
method

e and the types of the parameters
e resolved at compile time, based on compile-time types
e You can override methods: define method that is also
defined by a superclass
e arguments and result types must be identical
e resolved at run-time, based on object method is invoked on

o t hi s refers to the object method is invoked on

o super refers to same objectasthis

e but used to access method/variables for superclass
51

Methods

« Methods are operations supported by an object/class
o Can be declared in both classes and interfaces
o Can only be implemented in classes

o All methods must have a return type
e except constructors
e Vvoid can be used only as areturn type

» references to arrays or objects can be returned
« Method declaration syntax:

nodi fiers returnType net hodNanme ( paranms ) {
[ met hodBody]
}

52
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| nstance-Variable and Method Modifiers

« Visibility:
e public -visible everywhere
e protected -visible within same package or in subclasses
e default (package) - visible within same package
e private -visible only within this class
o Static -aclass method or variable

53

| nstance Variable Modifiers

e« transi ent - not stored when serialized
e Vvol ati| e - never assume that the variable hasn’t
changed since the last time you looked at it

e might be modified by another thread that doesn’t have a lock
on the object

o final -can’'t be changed, must be initialized in
definition or in constructor

54
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Method Modifiers

abstract - noimplementation provided
e class must be abstract
fi nal -this method cannot be overridden

e useful for security
o allows compiler to inline class

nati ve - implemented in some other language
synchroni zed

e locks object before method is executed
e lock released after method finishes

55

Method Arguments

o Only pass-by-value

e But object parameters are references to heap objects that can
be changed

o Only arguments are used to distinguish methods
o Syntax same as C/C++:

String print_sum(int x, int y) {
return (“Result is: “ + (x+y));

}

56
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Overriding

« Methods with same name and argument types in a
child class override the method in the parent class

e You can override/hide variables

e Both variables will exist

« You don’t want to do this ¢l ass Parent {
I nt cost;

void add (int x) {
cost += Xx;

}

class Child extends Parent {
void add (int x) {
if (x > 0) cost += x;
}
}

57

Overloading

o Methods with the same name, but different
parameters, either count or type are overloaded:

cl ass Parent {

i nt cost;
void add (int x) {
cost += Xx;
}
}

class Child extends Parent {
void add (String s) throws Nunber For mat Excepti on {
cost += Integer.parselnt(s);
}

58
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Dynamic method dispatch

o If you have aref a of type Ato an object that is
actually of type B (a subclass of A)

e instance methods invoked on a will get the methods for class
B (i.e., C++ virtual functions)

e class methods invoked on a will get the methods for class A
e invoking class methods on objects discouraged
« Simple Dynamic Dispatch example
o Detailed Example

59

Simple Dynamic Dispatch example

class A {
String f() {return "Af() "; }

static String g() {return ",’A.g() "}
}

public class B extends A {
String f() {return "B.f() "; }

static String g() { return "B.g() "; }
public static void main(String args[]) {
A a = new B();
B b = new B();
Systemout.println(a.f() + a.g()

+ b.f() + b.g());

——

}

j ava B generates:
B.f() Ag() B.f() B.g()

60
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Detalled Example

Shows

e polymorphism for both method receiver and arguments
e static vs instance methods
e overriding instance variables

Source
Invocation and results
What to notice

61
Source
class A {
String f(AX) { return "Af(A "; }
String f(B x) { return "Af(B) "; }
static String g(A x) { return "A g(A "; }
static String g(B x) { return "A g(B) "; }
String h = "A h";
String getH() { return "A.getH():" + h; }
}
class B extends A {
String f(AXx) { return "B.f(A)/" + super.f(x); }
String f(B x) { return "B.f(B)/" + super.f(x); }
static String g(Ax) { return "B.g(A "; }
static String g(B x) { return "B.g(B) "; }
String h = "B. h";
String getH() { return "B.getH():"
+ h + "/" + super.h; }
}
62
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Systemout.println( ab.f(a) + ab.f(ab) + ab. f(b) );
Systemout.printin( b.f(a) + b.f(ab) + b.f(b) );
System out. println();

/1

Il Af(A Af(A ATf(B)

/I B.f(A/Af(A) B.f(A/Af(A B.f(B/Af(B)

/I B.f(A/Af(A B.f(A/Af(A B.f(B/ATf(B)

Systemout.printin( a.g(a) + a.g(ab) + a.g(b) );
Systemout. println( ab.g(a) + ab.g(ab) + ab.g(b) );
Systemout.printin( b.g(a) + b.g(ab) + b.g(b) );
System out. println();

/1

Il A g(A Ag(A A g(B)

Il A g(A Ag(A) A g(B)

/1 B.g(A) B.g(A) B.g(B)

Systemout.printin( a.h +" " + a.getH());
Systemout.printin( ab.h + " " + ab.getH());
Systemout.printin( b.h +" " + b.getH());
/1

/1 Ah AgetH():Ah

/1 A h B.getH():B.h/Ah
/1 B.h B.getH():B.h/A h

Aa =newA(); Aab =newB(); Bb = newB(); |nVOCaI|0n
Systemout.println( a.f(a) + a.f(ab) + a.f(b) ) and reSUItS

63

What to notice

« Invoking ab. f (ab) invokes B. f (A)

e Run-time type of object method is invoked on
e Compile-time type of arguments

o ab. h gives the Aversion of h

o ab. get H()

e B.get H() method invoked
e InB. getH(), hgives Bversion of h

methods/variables
o super not allowed in static methods

o Use of super in class Bto reach Aversion of

64
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Constructors

o Declaration syntax a little strange (but same as C++):
e No return type specified
e “method” name same as class
o A class can have several Constructors
o with different arguments
o The first statement can/should be this(args) or
super(args)
e If omitted, super() is used
e Must be the very first thing, even before variable declarations
e not used for type conversions or assignments
e asin C++
o void constructor generated if no constructors
supplied

65

Static components of aclass

o Static components belong to the class

e Static variables are allocated once (regardless of the number of
instances)

e Static methods are not specific to any instance of a class and
may not refer to t hi s or super

« You can reference class variables and methods
through either the class name or an object reference

e | strongly discourage referencing them via object references;

e There are big differences between instance and class
variables/methods

66
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|nterfaces

o An interface is just an object type; no associated
code or instance variables

e describes methods supported by interface

o Aclass can “implement” (be a subtype of) any
number of Interfaces

« May have final static variables
e Way to define a set of constants

67

Interface example

public interface Conparable {
public int conpareTo(Qbject 0)
}

public class Uil {
public static void sort(Conparable []) {...}

public class Choices inplenents Conparable {
public int conpareTo(Object o) {
return ...;

}

Choices [] options = ...
Util.sort(options);

68
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No multiple inheritance

o Aclass type can be a subtype of many other types
(implements)

o Can only inherit method implementations from one
superclass (extends)

o Not a significant omission (in my opinion)

o multiple inheritance is rarely or never necessary or
well-used

e “The Case against Multiple Inheritance in C++”, T.A. Cargil, The
Evolution of C++

o Substantially complicates implementation

69

Garbage Collection

o Objects that are no longer accessible can be garbage
collected

e Sun’s Java implements a background GC thread

e needs an idle period to work
e System.getRuntime.gc() forces a GC

« method void finalize() is called when an object is
unreachable
o Garbage collection is not a major bottleneck

e butisn’t as fast as it could/should be
e« malloc/free isn’t fast either
e Faster garbage collectors are coming

70
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Class Objects

o For each class, there is an object of type C ass

o Describes the class as a whole
e used extensively in Reflection package

« O ass. forNane("Md ass")

e returns the class object for MyC ass
e will load Myd ass if needed

o Class.forNanme("M/C ass"). new nstance()
e will create a new instance of Mydl ass

« Myd ass. cl ass will also give the Cl ass object for
MyCl ass

71

Types

o Atype describes a set of values that can be:
e Held in avariable
e Returned by an expression
o Types include:
e Primitive types: boolean, char, short, int, ...
o Reference types:
e Class types
e Array types
e Interface types

72
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Class types

o Using the name of a class as atype means a
reference to instance of that class or a subclass is a
permitted value

e A subclass has all the fields of its superclass
e A subclass has all the methods of its superclass

« Might also be nul |

73

Array types

o If Sis asubtypeof T

e S[]is asubtype of T[]
e should you be surprised?

« (hbj ect[] is asupertype of all arrays of reference

types

« A storeinto an array generates a run-time check that
the type being stored is a subtype of the actual type
of the array elements

o Performance penalty?
o Similar (and much worse) problems in C++

74
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Object [ ]

public class Test ArrayTypes {
public static void reverseArray(Qbject [] A {
for(int i=0,j=A.length-1; i<j; i++j--) {
oject tnp = Ali];
Ali]l = Al
Aljl = tnp;
}
}
public static void main(String [] args) {
reverseArray(args);
for(int i=0; i < Alength; i++)
Systemout.println(args[i]);
}

75

Interface types

« Using the name of an interface as a type means

o areference to any instance of a class which implements that
interface is a permitted value

e Mmight also be nul |

o Object referenced is guaranteed to support all the
methods of the interface
e invoking a method on an interface might be a little less efficient

76
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Object Obligations

« These operations have default implementations
e« which may not be the one you want

publ i ¢ bool ean equal s(Object that) { ... }
/] default is return this == that
public String toString() { ... }
/'l returns print representation
public int hashKey() { ... }
/'l key for object
/1 inmportant that a.equal s(b)
I i mpl i es a. hashKey() == b. hashKey()
public void finalize() { ... }
/'l  called before Object is garbage collected
Il default is {}
public void clone() { ... }
/| default is shallow bit-copy if inplenents C oneable

/'l throw C oneNot SupportedExcepti on ot herw se
77

Poor man's polymorphism

Every object is an (bj ect
An (bj ect[] can hold references to any objects
If we have a data structure Set that holds a set of
(bj ect

e CanuseitforasetofString

e Or aset of images
e Or aset of anything

Java’'s container classes are all containers of oj ect
e When you get a value out, have to downcast it

Hasht abl e h;
h. put (" Key", "Val ue");

String v = (String) h.get("Key");
78
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This dide intentionally left blank

79
e ——
]

This dide intentionally left blank
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http://ww. cs. und. edu/ ~pugh/j ava/ crashCour se

A crash ¢
course in AVA

Applications, Applets and
Graphics

Day 1, session 4

Applications, Applets and Graphics

o applications methods

o applet methods

« embedding applets in HTML

« making applets available over the web
o minimal Graphics

82
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Applications

External interface is a public class
with public static void main(String []args)
ar gs[ 0] is first argument (unlike C/C++)

System out and System err are Pri nt St r eanis

e Should bePrintWiter’s, but would break 1.0 code
e Systemout.print(...) printsastring

e Systemout.println(...) prints astring and adds a newline

Systeminisan | nputStream
e Not quite as easy to use

83

Reading text input in (JDK 1.1) applications

« Wrap Systemininal nput St reanReader
e converts from bytes to characters
« Wrap it in a Buf f er edReader

e« makes it efficient (buffered)
e supports readLi ne()

o readLi ne() returnsaString
e returns nul | if at EOF

84
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Example Echo Application

i mport java.io.*,
public class Echo {
public static void main(String [] args) {
String s;
Buf f eredReader in = new BufferedReader (
new | nput St reanReader (Systemin));

cat ch(1 Cexception e) {
Systemout.println(e);

}

int i = 1;
try {
while((s = in.readLine()) !'= null)
Systemout.println((i++) + “: “ + s);
}

85

Hello World as an applet

o In the file HelloWorldApplet.html:

<appl et code=Hel | oWor | dAppl et w dt h=300 hei ght =40>
Your browser can’'t handl e Java

</ appl et >

o In the file HelloWorldApplet.java:

public void paint(java.awt. G aphics g) {
/'l display "Hello World",

/'l with start of baseline at 20,20
g.drawsString("Hello, World", 20, 20);

}

public class Hell oWrl dAppl et extends java. appl et. Appl et

86
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class Applet

o For programs that are downloaded and run within a
WWW browser

« Minimal applet functions:

public void init() // initialization code

public void paint(Gaphics g) // draws applet w ndow
public void destroy() // called when applet is purged

87

Applet/Embed tag

<appl et code=cl assNane
[ codebase = URL]
[archive = comma-seperated-list-of-jar-files]
wi dt h=pi xel s hei ght =pi xel s
[alt="alternative test"]
[ name=appl et | nst anceNane]
[al i gn=alignnent]
[ hspace=pi xel s] [vspace=pi xel s]
>
<param nane=attri but eNanel val ue=attri buteVal uel>
<param nanme=attri but eNane2 val ue=attri but evVal ue2>
[ HTML di spl ayed if appl et/ enbed not understood>]
</ appl et >

88
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Example Applet HTML code

<appl et code=Di spl ayText Appl et wi dt h=300 hei ght =50>
<par am name=nessage val ue="Crash Course">

<par am name=f ont Nane val ue=Di al og>

<par am nane=f ont Si ze val ue=24>

</ appl et >

89

Try it

o Hello world applet is at
e http://www.cs.umd.edu/~pugh/crashCourse/HelloWorldApplet.html

90
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Making applets available over the web

o Put class files in a directory on web server
o Put applet/embed code in HTML file

e Point codebase to that directory
e Specify class file containing applet class

91

Graphics: A device-independent interface to
graphics

set Col or (Col or c)

drawLi ne(int x1, int yl, int x2, int y2)

drawRect (int x, int y, int width, int height)

drawdDRect (int x, int y, int width, int height,
bool ean rai sed)

drawOval (int x, int y, int width, int height)

fill Rect(int x, int y, int width, int height)

fillOval (int x, int y, int width, int height)

set Font (Font f)

drawString(String s, int x, int y)

92
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java.awt.Font

Cross-platform fonts:
e SansSerif, Serif, Monospaced, D al og, D al oglnput
Font styles:

e Font.PLAIN, Font.|TALIC, Font.BQOLD,
Font . | TALI C+Font . BOLD

Font sizes: any point size allowed
Constructor: Font(String name, int style, int size)
Also: Font.decode(String description)

93

java.awt.FontMetrics

Must get from a Graphics or Container object
e FontMetrics fm= g.getFontMetrics(f)

int stringWdth(String str)

I nt get Ascent ()

I nt get Descent ()

DisplayTextApplet -- Source

94
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java.awt.Color

o Predefined colors: Col or. white, Color.red,....

o Constructors using RGB colors:

e Color(int r, int g, int b) // 0 .. 255
e Color(float r, float g, float b) // 0.0 .. 1.0

95

Applet/Component Drawing Cycle

o updat e( Graphics Q)
e must put up the appropriate display on g
e don’t assume anything about what is up there already
e« might be what was draw by previous update()
e applet might have been resized, iconized or obscured
e Default behavior is to erase component, call paint
o pai nt (G aphics Q)
e must put up appropriate display on g
e should assume blank canvas
e called by default update() and print()

o repai nt () queues an update event

e updates events are combined when handled
e No 1-1 correspondence between calls to repaint and update96
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More applet methods

Applet methods:
e void init() //called oncewhen initializing
e void start() // called when applet becomes visible
e Vvoi d stop() // called when applet becomes invisible
e void destroy() // called once when closing
methods inherited from Panel/Container:
e add( Conponent)
methods inherited from Component:
e get/set Foreground/Background/Font/Name/Size/Enabled
e add/remove event listeners

Why do Applet’'s havean i nit () method?
Why do applets have adestroy() method?

97

Why do Applet’'s have an init() method?

o Couldn’t I just use the constructor instead?

« Good question!
e init() isverysimilar to constructor
« Answer:
e But some context isn’t set up until after applet is constructed
e set St ub( Appl et St ub) is called after construction
e Questionable design, but makes it easier to write applets
e Could figure out what is safe to do in constructor
e butsafertojustdoitininit()

98
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Why do applets have a destroy() method?

o« Couldn’tljustusefinalize() instead?
o Good question!

e Serve same purpose
o Answer:

e Yes
e Butdestroy() will be called sooner
e need to depend on GC for finalize()

99

Some bigger applets

« Clock

e Example:
http://www.cs.umd.edu/~pugh/java/crashCourse/Clock.html

e Source:
http://www.cs.umd.edu/~pugh/java/crashCourse/Clock.java

o Graph Layout

e Example:
http://www.cs.umd.edu/~pugh/java/crashCourse/Graph.html|

e Source:
http://www.cs.umd.edu/~pugh/java/crashCourse/Graph.java
e Tic-Tac-Toe
e Example:
http://www.cs.umd.edu/~pugh/java/crashCourse/TicTacToe.html

e Source:
http://www.cs.umd.edu/~pugh/java/crashCourse/TicTacToe.javao
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http://ww. cs. und. edu/ ~pugh/j ava/ crashCour se

A crash ¢
course in AVA

Java programming
environments

Day 1, session 5

Java programming environments

« Situation constantly changing
o Sun’s JDK freely available for most platforms

o GUIl-creation tools that generate Java are here

o Useful
e Improving

102
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Classes are grouped into packages

o« For example,j ava. awt . i mage
e avoids problems such as multiple Li nkedLi st classes
« No semantics to having a common prefix

e €e.9., betweenjava. awm andj ava. awm . i mage
e but use them logically

o Package names are an implicit or explicit part of a
class name
e €.0g.,java. awt.i mage. Col or Model

103

|mports make a package name implicit

o If you import a class or package, you can use just the
last name

e allow use of ColorModel rather than java.awt.image.ColorModel
i nport java.aw . i mage. Col or Model ;

e For each class Cin java.awt.image, allow use of C rather than
java.awt.image.C
i nport java.aw.imge.*;

« implicit at the beginning of every java file
i mport java.lang. *;
o import never required, just allows shorter names

104
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Running Sun’s JDK

j avac - java compiler

j ava - java intepreter

j avap - javaclass disassembler

j ar - Java archive tool

appl et vi ewer - Applet tester

j avadoc - java documentation tool

105

javac - javacompiler

] avac filenames
e.g.,j avac Test.java

j avac -depend Test.j ava

¢ Recompile Test.java and any out-of-date classes Test depends
on
javac -d ~/javal/cl asses Test.]ava

e Treat ~/j aval cl asses as the location on the classpath where
files should go

e If Test.java isin package edu. und. cs. pugh
e Itwillgoin
~/ j aval cl asses/ edu/ und/ cs/ pugh/ Test . cl ass
j avac -deprecation Test.java

e Give me detailed information about depreciated classed and
methods 106
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java- javaintepreter

« java O assnane argunents

e €.9.,java Test nylnput
e €.9.,j ava edu. und. edu. pugh. Test nyl nput

107

javap - javaclass disassembler

« javap C assnane

e show fields and methods
« javap -c¢ C assnane

e Show bytecodes for methods
« javap -p C assnane

e Show private methods/fields

108
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jar - Javaarchive tool

o First letter of first argument is action:
create/l ist/extract

o other letters are options:
o f-getjar file name from next argument

e m -when creating jar file, read manifest from file given as
argument

e V-verbose
« Examples
e jar cvf test.jar *.class data
e jar tvf test.jar
e jar xf test.jar
e jar xf test.jar Test.class
109

appletviewer - Applet tester

appl etviewer files
One window per applet
Other HTML ignored

Can also supply URL'’s

110
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javadoc - java documentation tool

javadoc packagename
e €.g. javadoc edu.umd.cs.pugh
Looks for packagename on classpath

Builds HTML documentation for package
Special comments in java source files put into HTML

111

What goes where

Each public class C must be in afile C. j ava

If a class Cis part of a package P
e package P; must be the first statementin C. j ava
e which must be in adirectory P
e Treats . in package name as sub-directories

Reverse of domain name is reserved package name
e edu. und. cs is reserved for the Univ. Maryland CS department

Classpath gives list of places to look for class files
e both directories and jar/zip files

e Asof 1.1, you shouldn't set classpath to tell it where to find
system files

e You only need to set it for your own files
e If there are part of a package
o If they aren’t in the current directory 112
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JAR files

« Downloading 50 class files and 10 images over http is
very expensive

 JAR files are compressed archives
o extension of zip format
o Can hold class files, images, other files

« Java knows how to load JAR files over the net
« Java knows how to extract files from a JAR
« JAR can be signed

113

javalang

o Wrapper classes
« class String
o class StringBuffer

114
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Wrapper classes

o Allow you to create an Integer, Boolean, Double, ...
e thatis a subclass of Object
e Useful/required for fully polymorphic methods
e HashTable, ...
e Used in reflection classes
« Including many utility functions
e conversion to/from string
o allows radix conversion (e.g., hexadecimal)
e Many are static, don’t involve creation of Wrapper object
« Number: superclass of Byte, Short, Integer, Long,
Float and Double
e allows conversion to any other numeric primitive type
115

class String

o Cannot be changed/updated

o String objects automatically created for string
constants in program

o +is used for concatenation (arguments converted to
String)

« lots of methods, including...

e int length()
e char charAt(int pos)
e int conpare(String anotherString)
e void getChars(int begin, int end, char[] dst, int
dst Begi n)
e int indexOr(int ch) // why doesn’t this take a char?~

e String toUpper Case() 116
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class StringBuffer

Can be changed

Constructors

e StringBuffer()

e StringBuffer(String s)

e StringBuffer(int initialBufferSize)
lots of methods, including...

e StringBuffer append(anyt hi ng)

e insert(int offset, String str)

Used to implement St ri ng concatenation

StringS:"(X,Y) :(" + x + ", +y+n)u
/1l is conpiledto:
String s = new StringBuffer("(X Y) = (")

.append(x).append(",").append(y).append(")").toString(

117

Cloneable

o class (bj ect supports method mj ect cl one()

e but throws exception Cl oneNot Support ed
e unless you implement Cloneable
e ahack

o Default implementation does a shallow/bitwise copy
o« Sometimes you need to do something different

o standard version is protected
e You can declare a public version
o resultis of type Qbj ect
e You'll probably have to downcast it

118
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Java Surprises

e You don’t ever need to use import

o Declaring a variable of class Foo doesn’t allocate an

object of class Foo
e All variables are references to heap allocated objects

o packages, classes, methods, fields and labels are
separate name spaces

o you can label any statement and break out of it

« Hard to unload/update a class

e You need to give the full package and class name to
java interpreter

e but give the file name to the compiler
119

More surprises

o Internationalization makes things harder

e Many things take more steps than they would in an English/US
only system

« Threads may or may not be preemptive
e You can pass an Stri ng[] to amethod that wants an
hj ect [ ]
e When you store into an array a type check is made
o You will write methods you never call
e €.g., method pai nt (G aphi cs g) of an Applet
o And call methods you never wrote
e €.g., method repai nt () of an Applet

120
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Still More Surprises

o Override update to eliminate animation flashing

« Beware of RuntimeExceptions
e Watch out for broken sound
e Exceptions in athread just kill thread
« Watch for misspelling or using wrong types when
overriding

121

This dide intentionally left blank
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This dide intentionally left blank

123
e ——
]

This dide intentionally left blank
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A crash ¢
course in AVA

Exceptions and I nner
classes

Day 2, session 1

Exceptions and Inner Classes

o Exceptions
e declaring exceptions
e catching and throwing exceptions
e Usingfinally
e Inner classes
e introduced in Java 1.1
e allows classes to be defined inside other classes
e inner classes have access to variables of outer class
e designed for creating helper objects
e Listeners, Adaptors, ...
e Fairly important for Java 1.1 GUI event model

126
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class Throwable

o Just another class of objects
o Can be thrown

o Two subtypes

e Exception
e Error -- can be thrown without being declared

127

Exception

 Reasonable to catch and ignore exceptions
o IOException

« AWTEXxception

o InterruptedException

« RuntimeException -- can be thrown without being
declared
e NullPointerException
e IndexOutOfBoundsException
e NegativeArraySizeException

128
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Error -- can be thrown without being declared

Generally unreasonable to catch and ignore an error

VirtualMachineError

e OutOfMemoryError
e StackOverflowError

LinkageError
VerifyError
NoClassDefFoundError

129

method throws declarations

« A method can declare the exceptions it might throw
public void openNext () throws
UnknownHost Excepti on, Enpt ySt ackException { ... }
o Must declare any exception you might throw
e unless you catch them

e includes exceptions thrown by methods you call

o C++ has run-time check that you don’t throw any
unexpected exceptions
e Dbetter for backward compatibility
o Java uses a compile-time check

o forces you to sometimes deal with exceptions that you know
can’t occur

130
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Creating New Exceptions

o A user defined exception is just a class that is a
subclass of Exception

class MyVeryOwnException extends Exception { }
class MyClass{
void oops() throws MyVeryOwnException {
if (some_error_occurred){
throw new MyVeryOwnException();
}

131

Throwing an Exception/Error

Just create a new object of the appropriate
Exception/Error type

and throw it

Unless a subtype of Error or RuntimeException
e must declare that the method throws the exception

Exceptions thrown are part of the return-type

e when overriding a method in a superclass
e can’t throw anything that would surprise a superclass

132
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Exception/Error Handling

o EXxceptions eventually get caught
o First catch with supertype of the exception catches it
o Don’t catch errors/throwable

« finally is always executed

try { if (i == 0) return; myMethod(a[i]);

} catch (ArraylndexOutOfBounds e){
System.out.printin("a[] out of bounds");

} catch (MyVeryOwnException e){
System.out.printIn("Caught my error");

} catch (Exception e){
System.out.printin ("Caught" + e.toString());
throw e;

} finally {
/* stuff to do regardless of whether an */
[* exception was thrown or return taken */

} 133

Java.lang.Throwable

Many objects of class Throwable have a message

e specified when constructed
e String getMessage() // returns msg

String toString()
void printStackTrace()
void printStackTrace(PrintWriter s)

134
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Inner Classes

Allow a class to be defined within a class or method
new class has access to all variables in scope
classes can be anonymous

4 Kinds of Inner Classes

Lots of important details

135

4 Kinds of Inner Classes

e nested classes/interfaces
o Standard inner classes
« method classes and anonymous classes

136
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nested classes/interfaces

o Not really an inner class
e Not associated with an instance of the outer class
o Defined like a static class method/variable

o Can refer to all static methods/variables of
outerclass
e transparently
o Used to localize/encapsulate classes only used by
this class
o information hiding/packaging
o Used to package helper classes/interfaces
e sort of amini-package for each class

o Example
137

Example

public class LinkedList {
/1 Keep this private; no one el se should see our inplenmentation
private static class Node {
bj ect val ue; Node next;
Node( Obj ect v) { value=v; next=null; }

/1 Put this here so it is clear that this is the Transforner for LinkedLists
public static interface Transformer { public Object transform(Object v); }
Node head,t ai |
public void applyTransformer(Transforner t) {
for(Node n = head; n!=null; n =n.tail)
n.value = t.transforn(n.val ue);
}
public void append(Cbject v) {
Node n = new Node(v)
if (tail == null) head=n;
el se tail.next = n;
tail = n;
}
}

public class getStringRep inplenents LinkedList. Transfornmer {
public Object transform(Object o) { return o.toString(); }
}

138

© 1998 by William Pugh, pugh@cs.umd.edu 69



Crash course in ]ava, by William Pugh http://www.cs.umd.edu/~pugh/java/crashCourse

Standard inner classes

o Defined like a class method/variable

e Each instance associated with an instance of the
outer class

o If class Ais outer class
e useA thistogetthis forinstance of outer class

o Can refer to all methods/variables of outerclass
e transparently

o Can’t have any static methods/variables

o Example

139

Example

public class FixedStack {
bj ect array [];
int top = 0;
cl ass MyEnum i npl enments java. util.Enumerator {
int count = top;
publ i ¢ bool ean hasMoreEl enments() { return count > 0; }
public Object nextEl enent() {
if (count == 0)
t hrow new NoSuchEl ement Excepti on(" Fi xedSt ack") ;
return array[--count];
}
}
public java.util.Enunmerator enunerateAll () {
return new MyEnum(); }

140

7
© 1998 by William Pugh, pugh@cs.umd.edu 0



Crash course in ]ava, by William Pugh http://www.cs.umd.edu/~pugh/java/crashCourse

method classes and anonymous classes

o Can refer to all methods/variables of outerclass
o Can refer to final local variables

o Can’t have any static methods/variables

« Method classes defined like a method variable

« Anonymous classes defined in new expression
new BaseC assOrlnterface() { extensions }

 Method class Example
« Anonymous class Example

141

Method class Example

public class FixedStack {
bj ect array [];
int top = O;
public java.util.Enunerator enunerated destK(final int k) {
class MyEnum i npl enents java.util.Enunerator {
int pos = 0;
publ i c bool ean hasMor eEl ement s()
{ return pos < k & pos < top; }
public Cbject nextEl enent() {
if (!hashbreEl enents())
t hr ow new NoSuchEl enent Excepti on("Fi xedSt ack");
return array[ pos++];
}
}

return new MyEnum(); }
}

142
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Anonymous class Example

public class FixedStack {
bj ect array [];
int top = O;
public java.util.Enunmerator enunerated destK(final int k) {
return java.util.Enunmerator() {
int pos = 0;
publ i c bool ean hasMoreEl enents() { return pos < k &% pos < top;
public Cbject nextEl enent() {
if (!hashbreEl enents())
t hr ow new NoSuchEl enent Excepti on("Fi xedSt ack");
return array[ pos++];

}
}

143

L ots of important details

o If class Bis defined inside of class A

e A synchronized method of Blocks B.t hi s, notA. this
e You may want to lock A. t hi s for synchronization
e Can have many B's for each A

o Can’t define constructor for anonymous inner class

o Inner classes are a compile-time transformation

e Separate class file generated for each inner class
e $'sin names

144
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A crash ¢
course in AVA

Multithreading and
Synchronization

Day 2, session 2

Multithreading and Synchronization

« What is athread?

« Writing Multithreading code can be difficult
o Working with Threads

o Synchronization

o Depreciated Methods on Threads

« A common multithreading bug

o« Some guidelines to simple/safe multithreaded
programming

146
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What 1s athread?

A thread is a program-counter and a stack

All threads share the same memory space
e take turns at the CPU
WWW browser:
e One thread handling I/O
e One thread for each file being downloaded
e One thread to render web page
The running thread might:
e Yield
e Sleep
e Wait for 1/0O or notification
e Be pre-empted
On multiprocessor, concurrent threads possible

147

Writing Multithreading code can be difficult

« Need to control which events can happen
simultaneously
e €.9., update and display method
« Normally covered only in OS and/or DB courses
o few programmers have substantial training
o Can get inconsistent results or deadlock
e problems often not reproducible
« Very easily to get multithreading, even without trying

e Graphical User Interfaces (GUI's)
e Remote Method Invocation

148
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Working with Threads

o extending class Thread

o Simple thread methods

o Simple static thread methods
« interface Runnable

o Thread Example

o InterruptedException

o Be careful

o Another thread example

« Daemon threads

149

extending class Thread

Can build athread by extending j ava. | ang. Thr ead
You must supply apublic void run() method
Start a thread by invoking the st art () method
When athread starts, it executes run()

When run() finished, the thread is finished/dead

150
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Simple thread methods

e void start()
o bool ean i sAlive()

o« voi d set Daenon( bool ean on)
e If only daemon threads are running, VM terminates

e VOid setPriority(int newPriority)
e Thread schedule might respect priority

e void join() throws InterruptedException
e Waits for a thread to dieffinish

151

Simple static thread methods

« Apply to thread invoking the method
void yield()
voi d sleep(long mllisecs)
throws | nterruptedException
Thread current Thread()

152
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Interface Runnable

extending Thread means can’t extend anything else

Instead | npl ement Runnabl e

e Declares that an object has avoi d run() method
Create a new Thr ead

e giving it an object of type Runnabl e

Constructors:

Thr ead( Runnabl e target)
Thread( Runnabl e target, String namne)

153

Thread Example

public class ThreadDeno i npl enents Runnabl e {

public void run() {
for (int i =5; i>0; i--) {
Systemout.println(i);
try { Thread. sl eep(1000); }
catch (I nterruptedException e) { };
}

Systemout.println("exiting " + Thread.current Thread() );

}

public static void main(String args[])

{
Thread t = new Thread(new ThreadDeno(), "Denb Thread");

Systemout.println("Thread created: " + t);

t.start();

try { Thread. sl eep(3000); }

catch (InterruptedException e){ };
Systemout.println("exiting " + Thread.currentThread() );

Systemout.println("main thread: " + Thread. current Thread());

} 154
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| nterruptedException

A number of thread methods throw this exception
o Really means: wakeUpCall

I nterrupt () sends awakeUpCall to a thread

won'’t disturb the thread if it is working

e however, if the thread attempts to sleep
o it will get immediately woken up

will also wake up the thread if it is already asleep
thrown by sl eep(), join(), wait()

155

Be careful

Under some implementations
e athread stuck in aloop will never yield by itself
Preemptive scheduling would guarantee it
e not supported on all platforms
Put yield() into loops
I/O has highest priority, so should be able to get time

156
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Another thread example

cl ass UnSyncTest extends Thread {
String msg;
public UnSyncTest(String s) {
nsg = S;
start();
}

public void run() {
Systemout.print("[" + nBQ);
try { Thread. sl eep(1000); }
catch (I nterruptedException e) {};
Systemout.println("]");

}

public static void main(String args[]) {
new UnSyncTest ("Hel | 0");
new UnSyncTest (" UnSynchroni zed") ;
new UnSyncTest ("World");

}

157

Daemon threads

o Athread can be marked as a Daemon thread
o By default, acquire status of thread who spawned you

« When nobody running except Daemons
e Execution terminates

158
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Synchronization

o Locks

o Synchronized methods

o Synchronized statement

« Example with Synchronization
« Using wait and notify

o ProducerConsumer example
« Achange

o A Better Fix

o Deadlock

159

Locks

All objects can be locked
Only one thread can hold alock on an object
e Other threads block until they can get it

If your thread already holds a lock on an object

e Yyou can lock it a second time
e oObject not unlocked until both locks released

No way to attempt getting a lock

160

80
© 1998 by William Pugh, pugh@cs.umd.edu



Crash course in Java, by William Pugh http://www.cs.umd.edu/~pugh/java/crashCourse

Synchronized methods

« A method can be synchronized
e add synchroni zed before return type

o Obtains alock on object referenced by t hi s before
starting method

e releases lock when method completes
« A static synchronized method
e locks the class object

161

Synchronized statement

synchroni zed (obj) { block}

Obtains a lock on obj before executing block
Releases lock once block completes
Provides finer grain of control

Allows you to lock arguments to a method

162
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Example with Synchronization

cl ass SyncTest extends Thread {
String msg;
public SyncTest(String s) {
nsg = S;
start();
}

public void run() {
synchroni zed (SyncTest.cl ass) {
Systemout.print("[" + nBQ);
try { Thread. sl eep(1000); }
catch (I nterruptedException e) {};
Systemout.printin("]");

}
}

public static void main(String args[]) {
new SyncTest ("Hel |l 0");
new SyncTest (" Synchroni zed");
new SyncTest ("World");
}

} 163

Using wait and notify

e a.wait()
e Gives up lock(s)on a
e adds thread to wait set for a
e suspends thread

e a.wait(int m
e limits suspension to mmilliseconds
o« a.notify() resumes one thread from a’s wait list

e and removes it from wait set
e no control over which thread

o« a.notifyAll () resumes all threads on a’s wait list
o resumed tasks must reacquire lock before continuing

o wait doesn’t give up locks on any other objects
164
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ProducerConsumer example

public class Producer Consuner {
private bool ean ready = fal se;
private Object obj;
publ i c ProducerConsuner() { }
publ i ¢ Producer Consurer (Cbj ect o) {
obj = o;
ready = true;
} synchroni zed Obj ect consunme() {
whil e(!ready) wait();
r eady=f al se;
noti fyAll ();
return obj;
}
synchroni zed void produce(Object o) {
whi |l e(ready) wait();

obj = o;
ready=t r ue;
noti fyAll();
}
165
A change
synchroni zed voi d produce(Ooject o) {
whi | e(ready) {
wait () ;
if (ready) notify();
obj = o;
ready=true;
notify(); synchroni zed Obj ect consune() {
} whi | e(!ready) {
wait () ;
if (!'ready) notify();
ready=f al se;
notify();
return obj;
}
Bad design - no guarantee about who will get woken up
166
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A Better Fix
voi d produce(Object o) {

whi | e(ready) { synchronized (enpty) {
try {empty.wait();}
catch (InterruptedException e) {}
1}
obj = o; ready=t r ue;
synchroni zed (full) {
full .notify();

}
}
bj ect consune() {
whil e(!ready) { synchronized (full) {
Use two objects, try E} zull-wait();d} -
catch (InterruptedException e
enptyandfull, 1y
to allow two bj ect o = obj; r eady=f al se;
different wait sets synchroni zed (enpty) {
empty. notify();
}
}
167

Deadlock

o Quite possible to create code that deadlocks

e Thread 1 holds alock on A
e Thread 2 holds alock on B
e Thread lis trying to obtain alock on B
e Thread 2 is trying to obtain alock on A

e deadlock!

« Not easy to detect when deadlock has occurs
e Other than by the fact that nothing is happening

168
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Depreciated Methods on Threads

o The following methods are depreciated in Java 1.2
e Discouraged
e Will probably still work

o« t.stop() --Kkillsthread t
e causes a ThreadDeath Error to be thrown
o t.suspend() -- halts thread t
o retains all locks held while suspended
o t.resune() - wakes up suspended thread t

169

A common multithreading bug

o Threads might cache values

« Obtaining a lock forces the thread to get fresh
values

« Releasing a lock forces the thread to push out all
pending writes

« volatile variables are never cached
o« sleep(...) doesn’t force fresh values

o Current compilers don’t current perform these
optimizations
e Hotspot may
o Problem might also occur with multiple CPU’s

- Example of common multithreading bug 70
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Example of common multithreading bug

o« From Bruce Eckel’s “Thinking in Java”
e mostly an excellent book

o Problems with this example
e« No way for thread to gracefully die

e runFl ag might be cached (never see changes by other threads)
e Cc2.t might be cached (write never seen by other threads)

while (true) {
try {
sl eep(100);
} catch (InterruptedException e) {};
i f (runFl ag)
c2.t.setText(Integer.toString(count++));

171

Some guidelines to simple/safe multithreaded
programming

o Synchronize/lock access to shared data

 Don’t hold alock on more than one object at a time
e could cause deadlock

« Hold alock for as little a time as possible
e reduces blocking

« While holding a lock, don’t call a method you don’t

understand

e €.g.,a method provided by another client

o Have to go beyond this for sophisticated situations
e But need to understand threading/synchronization well

« Recommended book for going further:
e Concurrent Programming in Java by Doug Lea

172
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A crash ¢
course in AVA

Abstract Windowing
Toolkit

Day 2, session 4

Abstract Windowing Toolkit

« The AWT is very complex (as is any GUI library)
« The event model was changed substantially for
version 1.1
e Bigimprovement
e Inter-operable, but not within the same window
o To keep things manageable, I'll only discuss 1.1
model

e Only reason to use 1.0 model is to be compatible with older
browsers

174
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Widgets/Components

o Container - Panel or Window
e Button

o« Checkbox

« Choice

o Label

o List

o Scrollbar

o TextField

o TextArea

175

Automatic Layout Managers

o Determine position and size of components
o Depends on minimum, preferred and maximum size
of components
o Allows resizing of windows
e Controls where extra space goes
o Allows for the fact that on different platforms and in
different languages
e Components might have different sizes
o Without a layout manager, must position each
component
« Can write your own layout manager

o Several layout managers provided
176
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Several layout managers provided

Bor der Layout - North/South/West/East/Center
Fl owLayout - Like a word processor
Car dLayout - Multiple layouts

e only one of which is displayed at a moment
e Like atabbed layout, but no tabs

Gi dLayout - aregular grid
e All grid elements same size

G i dBagLayout --like an HTML table

e Components can span multiple columns/rows
e Can control where extra space is directed
e Very powerful and very awkward

177

Event Handling in version 1.1

« Components allow you to attach listeners

o Different components allow different listeners
e ActionLi stener
e TextListener
e FocusLi st ener
e Mbuseli st ener

e When a component gets an event, it sends the event to all
attached listeners

178
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Example 1.1 Event handling - part 1

i mport java.awt.*;
i mport java.aw .event.*;

public class EventHandling {
GU gui = new GUI();

voi d search(ActionEvent e) { Systemout.println("Search: " + e); }

voi d sort (ActionEvent e) { Systemout.printin("Sort: " + e); }

voi d check(ltenEvent e) { Systemout.println("Check: " + e); }

voi d text (ActionEvent e) { Systemout.println("Text event: " + e); }
voi d text(TextEvent e) { Systemout.printin("Text: " + e); }

static public void main(String args[]) {
Event Handl i ng app = new Event Handl i ng() ;
}
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Example 1.1 Event handling - part 2

class QU extends Frane { /1 Innerclass of EventHandling
public QU () {

super (" Event Handl i ng") ;
set Layout (new Fl owLayout ());
Button b;
add(b = new Button("Search"));
b. addAct i onLi st ener (
new ActionLi stener() {
public void actionPerfornmed(Acti onEvent e) { search(e); }
1)
add(b = new Button("Sort"));
b. addAct i onLi st ener (
new ActionLi stener() {
public void actionPerfornmed(ActionEvent e) { sort(e); }
1)
Checkbox cb;
add( cb = new Checkbox("al phabetical"));
cb. addl t enli st ener (
new | tenlistener() {
public void itenttateChanged(ltenEvent e) { check(e); }

1)

180
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Example 1.1 Event handling - part 3

Choi ce c;
add ( ¢ = new Choice());
c.addltem("Red");
c.addltem( "G een");
c.addltenm("Bl ue");
c. addl t enLi st ener (
new | tenli stener() ({
public void itenttateChanged(ltenEvent e) { check(e); }
1
TextField tf;
add(tf = new TextFiel d(8));
tf.addActi onLi st ener (
new ActionLi stener() {
public void actionPerforned(ActionEvent e) { text(e); }

1)

tf.addText Li st ener (
new Text Li stener () {
public void textVal ueChanged(Text Event e) { text(e); }

1)
pack(); show();
11}
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Removing animation flicker

Default updat e() method for applets
e Erase to background color
e call paint() todraw new image on clean background
e Can cause flicker
Eliminate flicker
e Erase offscreen image
e paint onto a offscreen image
e copy offscreen image onto screen

class FlickerFree
Anyone who extends FlickerFreeApplet is flicker free

182
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class FlickerFree

public class FlickerFreeAppl et extends Applet {
private | nmage of f scr eenl nage;
private G aphics of f screenG aphi cs;
private Di nension offscreenD nension;

183

FlickerFreeApplet's update

public final void update(Gaphics g) {
D nension d = size();
/1 warning! In 1.0, Dinension.equals is broken
if (offscreenlmage == null || !'d.equal s(of fscreenb nmension)) {
of f screenDi nensi on = d;
of f screenl nage =
creat el mage( of f screenDi nensi on. wi dt h,
of f scr eenDi mensi on. hei ght) ;
of f screenG aphi cs = of fscreenl mage. get G aphi cs();
b
of f screenG aphi cs. set Col or (get Background() ) ;
of f screenGraphics.fill Rect (0,0,
of f screenDi nensi on. wi dt h, of f scr eenDi nensi on. hei ght) ;
of f screenG aphi cs. set Col or (get Foreground() ) ;
of f screenG aphi cs. set Font (get Font ()) ;
pai nt (of f screenG aphi cs) ;
g. drawl mage( of f screenl mage, 0, 0, t hi s);

}
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A crash
course in

1/0O, Networking and
Utility libraries

Day 2, session 5

1/0O, Networking and Utility libraries

I/O classes

URL’s and Web connections
Sockets

java.util

Other libraries

Loading Resources
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|/O classes

File
o directories: if (f.isDirectory()) System.out.println(f.list());
e interface FilenameFilter -- allows selection of sublist

OutputStream - byte stream going out
Writer - character stream going out
InputStream - byte stream coming in
Reader - character stream coming in

187

OutputStream - byte stream going out

o base types
e ByteArrayOutputStream
e FileOutputStream - goes to file
e PipedOutputStream - goes to PipedInputStream
e SocketOutputStream (not public) - goes to TCP socket
o Filters - wrapped around an OutputStream
e BufferedOutputStream
e ObjectOutputStream (should implement FilterOutputStream)

188
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Writer - character stream going out

OutputStreamWriter

e wrap around OutputStream to get a Writer
e Takes characters, converts to bytes
e Can specify encoding used to convert characters to bytes

CharArrayWriter
StringWriter
Filters

e PrintWriter - supports print, println
e BufferedWriter
Convenience Writers

e (wraps an OutputStreamWriter around an OutputStream)
o FileWriter
o PipedWriter 189

InputStream - byte stream coming In

o base types

e ByteArraylnputStream

e FilelnputStream

e PipedinputStream

e SocketlnputStream (not public) - comes from to TCP socket

o Filters - wrapped around an InputStream

o BufferedIlnputStream
e PushbackIlnputStream
e ObjectinputStream

e SequencelnputStream -- cat

190
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Reader - character stream coming in

InputStreamReader

e Wrap around an InputStream to get a Reader
e takes bytes, converts to characters
e Can specify encoding used to convert bytes to characters

CharArrayReader
StringReader

Filters
o BufferedReader - efficient, supports readLine()
e LineNumberReader - reports Line Numbers
e PushbackReader
Convenience Readers
e wraps an InputStreamReader around an InputStream
o FileReader
e PipedReader

191

URL’s and Web connections

o Example: URLGet
« URL’s
« URLConnection

192
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Example: URL Get

i mport java.net.*;
i mport java.io.*;
public URLGet {
public static main(String [] args) throws Exception {
if (args.length !'= 1) {
Systemout. println("Please supply one URL as an argument");
Systemexit(1);
}
URL u = new URL(args[0]);

Buf f er edReader in = new BufferedReader (
new | nput St r eanReader (u. openConnection().getlnputStreanm()));

String s;
while((s = in.readLine()) !'= null) Systemout.println(s);

193

URL’S

URL u = new URL("http://ww.cs.und. edu: 8080/ i ndex. htm ") ;
/1 then

URLConnecti on conn = u.openConnection();

/'l or

| nput Stream in = u. openStream);

/'l or

bject o = u.getContents();

/'l depends on finding ContentHandl er

/| parses content

/Il e.g., JPEG file turned into inmage

194
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URL Connection

int len = conn. get ContentLength();
/1 Nunmber of bytes in content

| ong date = conn. getDate();

/1 Time of l|ast nodification

/1 MI1Iliseconds since Epoc

/1l Convert to Date() for other forns

String type = conn. get Content Type();
/1 Get Mne type of content

bj ect o = conn. getContent();
/1 finds ContentHandl er to parse Contents

195

Sockets

o Sockets are Internet’s way of sending/receiving
mesSsages
e everything is done via a socket
e Supports
e TCP sockets
e (Quaranteed, stream based communication
e UDP sockets
e unguaranteed, packet based communications
e also supports Multicast UDP sockets
e TCP Client Socket Example
e TCP Server Socket Example

196
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TCP Client Socket Example

i nport java. net.*;
i nport java.io.?*;
public class Socket Get {
public static void main(String [] args) throws Exception {
if (args.length '=2) {
System out . printl n(
"Pl ease supply a hostnanme and port as argunents");
Systemexit(l);
}
Socket s = new Socket (args[O0], | nteger.parselnt(args[1])]
Buf f eredReader in = new BufferedReader (
new | nput St reanReader (s.getlnputStream());
String m
while((m=in.readLine()) !'= null)
Systemout.println(m;
s.cl ose();

1}

197

TCP Server Socket Example

i mport java.net.*;
i mport java.io.*;
public class Socket Serve {
public static void main(String [] args) throws Exception {
if (args.length = 2) {
System out. println(
"Pl ease supply a port and a nsg as argunents");
Systemexit (1)
}
Server Socket Srv = new Server Socket (I nteger. parselnt(args[0]));
while (true) {
Socket s = Srv.accept();
PrintWiter out = new PrintWiter(s.getQutputStream)));
out.println(args[1]);
out.cl ose();
s.close();

}

198
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java.util

Vector

Dictionaries

Enumerations and Bitsets
Miscellaneous

Java 1.2 Collection Classes

199

Vector

A list/vector abstraction

Can insert/delete/modify elements anywhere in list
Can access by position

Stack

e An extension of Vector
e Adds push, pop, peek and empty

200
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Dictionaries

o Dictionary

e An abstract class

e Represents a key to value mapping
« HashTable

e An implementation of Dictionary
o Properties

e Uses HashTable

o Keys and Values are Strings
e Allows scoping

e Can be saved to afile

201

Enumerations and Bitsets

e Enumeration

e Just an Interface

e Used in anumber of places to return an enumeration
public boolean hasMoreElements()
public Object nextElement()

« BitSet

e Provides representation of a set as a bitvector
e Grows as needed

202
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Miscellaneous

Date
e Not a great design
e 1.1 adds java.util.Calendar and java.text.DateFormat
e many Date methods depreciated
e Complicated due to internationalization
e and bad design?

Random
StringTokenizer

whi | e (tokens. hasMoreTokens())
System out . printl n(tokens. next Token());

java.util.zip package
e Provides ability to read/write zip archives

StringTokeni zer tokens = new StringTokeni zer(nsg," ")

203
Java 1.2 Collection Classes
e interface Collection
e interface List
e class Vector
e class Stack
e class ArrayList
e class LinkedList - a doubly linked list
e interface Set
e class HashSet
e interface SortedSet
e class TreeSet
e interface Map - Dictionary like structures
e class HashMap; replaces HashTable
e interface SortedMap
e class TreeMap
204
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Other libraries

o class java.lang.Math

e abstract final class - has only static members

e Includes constants E and PI

¢ Includes static methods for trig, exponentiation, min, makx, ...
» java.text Package

e NewtoJaval.l

e Text formatting tools

e java.text.MessageFormat provides printf/scanf
functionality

e Lots of facilities for internationalization

205

L oading Resources

o Can load resources from same place as class
e images
o Text files
e Serialized Objects
e local file or http connection
o directory or jar file
e easiest way to get data out of a jar file

o Code snippets

206
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Code snippets

e URL u = obj.getd ass().getResource("title.gif");

gets URL for title.gif from the same place as the class file for
obj

e Doesn’'t work in Netscape
e U.get Content () gets content
e java.aw . i mage. | nagePr oducer for images

e InputStreamin = getd ass().get ResourceAsStrean("data");
e Gives access to raw bytes

e Works in Netscape

207

This dide intentionally left blank
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A crash ¢
course in AVA

Advanced
capabilities/libraries

Day 2, session 5

Advanced capabilitied/libraries

o Object Serialization

« Remote Method Invocation

o Security

- JavaBeans

« Reflection

« Java DataBase Connection (JDBC)
o Drag-n-Drop, Clipboard

o 2D/3G graphics

210
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Object Serialization

Allows you to write/read object to/from a stream
Correctly handles graphs and cycles

Two ways to allow on object to be serialized
e inplenent Serializable--depend on system
e i npl enent Externalizabl e --roll your own
Version control a tricky and difficult problem
e if youdon’t do anything, can’t read previous versions
e Can OK reading old versions
e set serialVersionUID

211

Implement Serializable -- depend on system

o Can define readObject
private void readObj ect (Obj ectl nput Stream i n)
t hrows | OException, C assNot FoundExcepti on
e Caninvoke i n. def aul t ReadQbj ect ()
e restores all non-static, non-transient fields
o Can define writeObject
private void witeCbject(CbjectQutputStream out)
t hrows | OException, C assNot FoundExcepti on

e Caninvoke out . defaul t WiteQbject ()
e saves all non-static, non-transient fields

212
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Implement Externalizable -- roll your own

« to read an object:

public void readExternal (Qbjectlnput in)
t hrows | OExcepti on

o to write an object:

public void witeExternal (ObjectQutput out)
t hrows | OExcepti on

213

Remote Method Invocation

Set up registry to allow you to locate remote objects
by name

Allows methods to be invoked on remote objects

e« Parameters and result copied by-value using serialization
e Except that remote objects aren’t copied
e instead, aremote reference is passed

Similar to CORBA, but

e only works Java-to-Java
e easier to use

RMI Agents

214
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RMI Agents

o A program using RMI can specify a codebase
e URL that provides access to class files

« If an object x of Class Y is sent from machine A to
machine B

e If B can’tlocate code for Class Y locally
e B retrieves it from A’s codebase

215

Security

o Code can be digitally signed
o Determines privileges code will get

216
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JavaBeans

o Use the Bean coding style, and your class is a
JavaBean
e use getXXX() method to get value of property XXX
e use setXXX() method to set value of property XXX
e Similar styles for attaching EventListeners, ...
e Can also provide code that describes this info
« Bean development environments
e Work Visually
e Allow you to connect and customize Beans
o Customized Beans can be serialized and saved
« Many environments have similar visual
programming tools

o But JavaBeans are very easy to create .

Reflection

« Reflection as in looking in a mirror

o Allows examination of the methods supported by a
class at run time

o allows invocation of calls you didn’t know existed at
compile time

o Useful for lots of tools:

e Visual programming environments
e Java Beans

e Serialization

e RMI

« Example use: InvokeMain.java

218
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Example use: InvokeMain.java

o Given name of class and arguments

e invokes static main method with those
arguments

o doesn’t work well with programs that check
for EOF of standard input

Cl ass cl assTol nvoke = C ass. f or Nane(cl assNane) ;
bj ect[] argunentsTol nvoke = new Object[1];
ar gunmrent sTol nvoke[ 0] = args;

Met hod mai nMet hod
= cl assTol nvoke. get Met hod(" mai n", ar gsTypeFor Mai n) ;
mai nMet hod. i nvoke(nul |, argunent sTol nvoke) ;

219

Java DataBase Connection (JDBC)

o Allows online connect to SQL relational database
o Allows full power SQL

o Designed to allow use in serious database
applications

« Most database vendors are providing JDBC
interfaces

220
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Drag-n-Drop, Clipboard

o Allows information to be cut-and-pasted or
dragged-and-dropped

o Data can have multiple data flavors

e A graph could be supplied as
e apicture
e adata series
e tlext

221

2D/3G graphics

o 2D graphics package is a replacement for
java.awt.Graphics
e Allows more powerful operations (affine transformations, ...)
« 3D graphics provides interface to 3D graphics
system
o will probably require tuned software or special hardware

222
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Page 1

Wed Jul 01 11:45:17 1998 BorderLayoutTest.java Page 1

inmport java.applet.*;
inport java.awt.*;
inport java.awt.event.*;

/** Provides static utility routines for creating an Applet frane */
public class AppletFrane {
1 xx

Put a Franme around an Appl et

@aram a Applet to be Franed

public static void franme(Applet a) {
String title = a.getd ass().get Nanme();
final Frame aFranme = new Frane(title);
aFrane.setTitle(title);
aFr anme. addW ndowLi st ener (
new W ndowAdapter () {
public void wi ndowC osi ng( W ndowEvent e) {
aFrane. set Vi si bl e(true);
aFr anme. di spose();
}
1)
MenuBar nmb = new MenuBar () ;
Menu FileMenu = new Menu("File");
Menultem quit = new Menulten("Quit");
Fi |l eMenu. add(qui t);
mb. add( Fi | eMenu) ;
qui t . addAct i onLi st ener (
new ActionLi stener () {
public void actionPerfornmed(ActionEvent e) {
aFrame. set Vi si bl e(true);
aFr ame. di spose();

1)
aFr ame. set MenuBar (nb) ;

aFrame. add(a) ;

aFr ame. set Si ze( 300, 200) ;

a.init();

aFr ame. pack();

Di mensi on d = aFrane. get Si ze();

if (d.height < 200 || d.width < 300) {
if (d.height < 200) d.height = 200;
if (d.width < 300) d.width = 300;
aFrane. set Si ze(d);

}

a.start();

aFrane. show() ;

-
*

-~

PR

G ven the nane of an Applet class,
create an instance of that class and frame it

@aram c¢ Nane of applet class to be franed

*/
public static void frame(String c) {
try {
frame((Appl et)d ass. for Nane(c). new nstance());
} catch (Exception e) { Systemerr.printin(e); }

}

inport java.applet.*;
inport java.awt.*;

public class BorderlLayout Test extends Applet {
public void init() {

set Layout (new Bor der Layout ());
add(new Button("North"), BorderLayout.NORTH);
add(new Button("West"), BorderLayout.WEST);
add(new Button("Center"), BorderlLayout. CENTER);
add(new Button("East"), BorderLayout.EAST);
add(new Button("South"), BorderLayout.SOUTH);

Wed Jul 01 13:05:09 1998 BidirBubbleSortAlgorithm.java

Page 1

Wed Jul 01 13:05:14 1998 BubbleSortAlgorithm.java Page 1

/*
* @#)Bidi rBubbl eSort Al gorithmjava 1.6f 95/01/31 Janes Cosling
nodi fi ed 96/ 04/ 24 Ji m Hagen
Copyright (c) 1994-1996 Sun Mcrosystenms, Inc. Al Rights Reserved.

Perm ssion to use, copy, nodify, and distribute this software

and its docunentation for NON- COMVERCI AL or COWMERCI AL pur poses and
wi thout fee is hereby granted.

Pl ease refer to the file http://java. sun.conf copy_tradenmarks. ht m
for further inportant copyright and trademark information and to
http://java.sun.conflicensing. htm for further inportant licensing
information for the Java (tnm) Technol ogy.

I S S R

*

PR

A bi-directional bubble sort denpnstration algorithm
Sort Al gorithmjava, Thu Oct 27 10:32:35 1994

@ut hor Janes Gosling
* @ersion 1.6f, 31 Jan 1995
*
/
cl ass Bi di rBubbl eSort Al gorithm extends SortAl gorithm {
void sort(int a[]) throws Exception {
int j;
int limt = a.length;
int st = -1;
while (st < limt) {
bool ean flipped = fal se;

St ++;
limt--;
for (j =st; j <limt; j++) {
if (stopRequested) {
return;

}
if (a[j] > alj +1]) {
int T = a ;
a[j] =a[j + 1];
a[j + 1] =T,
flipped = true;

pause(st, limt);
}
if ('flipped) {
return;
for (j =1limt; --j >= st;) {
if (stopRequested) {
return;

}

if (aljl > alj +1]) {
int T=aljl;

a[j] =alj * 1];

a[j +1] =T,

flipped = true;

pause(st, limit);
}
} )
if ('flipped) {
return;
pause(st, limt);

1 *

*

@ #) Bubbl eSort Al gorithm java 1.6f 95/01/31 Janes GCosling
Copyright (c) 1994-1996 Sun M crosystens, Inc. Al Rights Reserved.

*
*

*

* Permission to use, copy, nodify, and distribute this software

* and its docunentation for NON- COWERCI AL or COMVERCI AL purposes and
* without fee is hereby granted.

* Please refer to the file http://java.sun.conl copy_trademarks. htm

* for further inportant copyright and trademark information and to

* http://java.sun.conflicensing. htm for further inportant licensing
* information for the Java (tn) Technol ogy.

*

A bubbl e sort denonstration algorithm
Sort Al gorithmjava, Thu Qct 27 10:32:35 1994

@ut hor Janes Cosling
@ersion 1.6f, 31 Jan 1995

cl ass Bubbl eSort Al gorithm extends SortAl gorithm {
void sort(int a[]) throws Exception {
for (int i = a.length; --i>=0; )
for (int j =0; j<i; j++) {
if (stopRequested) {
return;

}
if (alj]_> a[j+1]) {
T=a[jl;

int H

a[j] = a[j+1];

a[j+1] =T;
pause(i,j);




Wed Jul 01 11:55:17 1998 Clock.java Page 1| Wed Jul 01 11:45:18 1998 ClockO.java Page 1
inmport java.util.*; inport java.util.*;
inport java.aw.*; inport java.aw.*;
inmport java.applet.*; inport java.applet.*;
/** O ock class - Displays graphical clock /** Same as Cl ock.java, except doesn’'t extend FlickerFreeAppl et
*/
* Adapted from Cock2 class distributed with Sun’s JDK. paint now public class C ockO extends Applet inplenments Runnable {
* assumes bl ank canvas. Thread tinmer = null;
* Date dummy = new Date();
*/ Font font;
public class C ock extends FlickerFreeApplet inplenents Runnable { public void drawCenteredString(Gaphics g, String s, int x, int y) {
Thread timer = null; FontMetrics fm = g.getFontMetrics();
Date dummy = new Date(); int width = fmstringWdth(s);
Font font; int ascent = fm getAscent();
g.drawstring(s, x-width/2, y+ascent/?2);
public void drawCenteredString(G aphics g, String s, int x, int y) { }
FontMetrics fm= g.getFontMetrics();
int wwdth = fmstringWdth(s); public void paint(Gaphics g) {
int ascent = fm getAscent(); int xh, yh, xm ym xs, ys, s, m h, xcenter, ycenter;
g.drawsString(s, x-wi dth/2, y+ascent/2); String now,
} Date dat = new Date();
Di mrension d = size();
public void paint(Gaphics g) {
int xh, yh, xm ym xs, ys, s, m h, xcenter, ycenter; s = dat. get Seconds();
String now, m = dat.get M nutes();
Date dat = new Date(); h = dat. get Hours();
Di nension d = size(); now = dat.toLocal eString();
dat . get Seconds() ; FontMetrics fm = g.getFontMetrics();
dat. get M nutes();
dat . get Hours(); int bottomWndow = 3*(fm getAscent() + fm getDescent())/2;
= dat.tolLocal eString(); xcent er=d. wi dt h/ 2;
ycent er =(d. hei ght - bot t omi¥ ndow) / 2;
FontMetrics fm = g.get FontMetrics();
int charBox = Math. max(fm stringWdth("12"),fmgetAscent())/2 + 1;
int bottonWndow = 3*(fm getAscent() + fmgetDescent())/2; int radius = Math. nmin(d.w dth-5,d. hei ght-5-bottomA ndow)/ 2;
xcent er=d. wi dt h/ 2;
ycent er =(d. hei ght - bott omW ndow) / 2; if (radius < 30) return;
int charBox = Math. max(fm stringWdth("12"),fm getAscent())/2 + 1; /Il a= s* pi/2 - pi/2 (to switch 0,0 from3:00 to 12:00)
int radius = Math.nin(d.w dth-5, d. hei ght - 5- bot t on\W ndow) / 2; /1 x =r(cos a) + xcenter, y = r(sin a) + ycenter
if (radius < 30) return; xs = (int)(Math.cos(s * 3.14f/30 - 3.14f/2) * radius * 0.9+ xcenter);
ys = (int)(Math.sin(s * 3.14f/30 - 3.14f/2) * radius * 0.9 + ycenter);
/1 a= s* pi/2 - pi/2 (to switch 0,0 from3:00 to 12:00) xm= (int)(Math.cos(m* 3.14f/30 - 3.14f/2) * radius * 0.7 + xcenter);
I/ x =r(cos a) + xcenter, y =r(sin a) + ycenter ym= (int)(Math.sin(m=* 3.14f/30 - 3.14f/2) * radius * 0.7 + ycenter);
xh = (int)(Math.cos((h*30 + mf2) * 3.14f/180 - 3.14f/2) * radius * 0.5 +
xs = (int)(Math.cos(s * 3.14f/30 - 3.14f/2) * radius * 0.9+ xcenter); yh = (int)(Math.sin((h*30 + m2) * 3.14f/180 - 3.14f/2) * radius * 0.5 + y
ys = (int)(Math.sin(s * 3.14f/30 - 3.14f/2) * radius * 0.9 + ycenter);
xm = (int)(Math.cos(m* 3.14f/30 - 3.14f/2) * radius * 0.7 + xcenter); /1 Draw the circle and nunbers
ym= (int)(Math.sin(m* 3.14f/30 - 3.14f/2) * radius * 0.7 + ycenter);
xh = (int)(Math.cos((h*30 + m2) * 3.14f/180 - 3.14f/2) * radius * 0.5 + g.set Font (font);
yh = (int)(Math.sin((h*30 + m2) * 3.14f/180 - 3.14f/2) * radius * 0.5 + g. set Col or (Col or. bl ue) ;
g. drawOval (xcent er -radi us, ycent er -radi us, 2*r adi us, 2*r adi us) ;
// Draw the circle and nunbers g. set Col or (Col or. darkGray) ;
drawCent eredString(g, "9", xcenter-radi us+charBox, ycenter);
g.set Font (font); drawCent eredString(g, "3", xcenter+radi us-charBox, ycenter);
g. set Col or (Col or. bl ue) ; drawCent eredString(g, "12", xcent er, ycent er - r adi us+char Box) ;
g. drawOval (xcent er -radi us, ycent er -radi us, 2*radi us, 2*r adi us) ; drawCent eredString(g, "6", xcenter, ycenter+radi us-char Box) ;
g. set Col or (Col or. darkG ay) ;
drawCent eredString(g, 9", xcenter-radi us+charBox, ycenter); g. set Col or (Col or. darkGay) ;
drawCent eredString(g, "3", xcenter+radi us-charBox, ycenter); int stringY = d.height - 3*fmgetAscent()/4 - 5*fm getDescent()/4;
drawCent eredString(g, "12", xcent er, ycent er - r adi us+char Box) ; xcent er=d. wi dt h/ 2;
drawCent eredString(g,"6", xcenter, ycenter+radi us-char Box) ; if (fmstringwWdth(now) < d.width-4)
drawCent eredStri ng(g, now, xcenter, stringY);
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g. set Col or (Col or. darkGray) ; g.drawLi ne(xcenter, ycenter, Xs, ys);
int stringY = d. height - 3*fmgetAscent()/4 - 5*fm getDescent()/4; g. set Col or (Col or. bl ue) ;
xcent er =d. wi dt h/ 2; g.drawLi ne(xcenter, ycenter-1, xm ym;
if (fmstringWdth(now < d.w dth-4) g.drawLi ne(xcenter-1, ycenter, xm ym;
drawCent eredStri ng(g, now, xcenter, stringyY); g.drawli ne(xcenter, ycenter-1, xh, yh);
g.drawlLi ne(xcenter, ycenter, xs, ys); g.drawli ne(xcenter-1, ycenter, xh, yh);
g. set Col or (Col or. bl ue) ; }
g.drawli ne(xcenter, ycenter-1, xm ym;
g.drawLi ne(xcenter-1, ycenter, xm ym; public void start() {
g.drawLi ne(xcenter, ycenter-1, xh, yh); set Backgr ound( Col or. white);
g.drawli ne(xcenter-1, ycenter, xh, yh); font = new Font (" Ti mesRonman", Font.PLAIN, 14);
} if(timer == null) {
tinmer new Thread(this);
public void start() tinmer.start();
set Backgr ound( Col or. whi te); }
font = new Font (" Ti mesRoman", Font.PLAIN, 14); }
if(timer nul I')
timer new Thread(this); public void stop() {
timer.start(); timer = null;
} }
}
public void run() {
public void stop() { while (tinmer !'= null) {
timer = null; try {
} Thr ead. sl eep(1000) ;
public void run() { catch (InterruptedException e){
while (timer !'= null)
try { Thread. sl eep(1000); repaint();
catch (InterruptedException e){ }
repaint(); timer = null;
}
timer = null;
} }
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public class Conplex {

long millisecondsRenmining = target - SystemcurrentTineMIlis();

public double x,y; String meg = prefix + " - ";
public Conplex (double x, double y) { if (millisecondsRemaining < O) {

this.x = x; millisecondsRemai ning = -nillisecondsRenai ning;

this.y =vy; meg = "+ ";

}

public Conpl ex plus(Conplex r) { I ong secondsRerai ning = millisecondsRemai ni ng/ 1000;

return new Conplex(x + r.x, y + r.y); Il ong secs = secondsRenai ni ng%60;

Il ong m ns = secondsRenai ni ng/ 60%60;

long hrs = secondsRenmai ni ng/ 3600%24;

| ong days = secondsRenai ni ng/ 3600/ 24;

/1 long tenths = millisecondsRenai ni ng/ 100%40;
if (days > 0) m;g += days + ":";

}
public StrlngtoStrlng() {
return (" 4+ x + 7,0 4y 4y

public static void main(String [] args) {

Conpl ex a = new Conpl ex (5.5,9.2); if (hrs <10) nmsg += " " + hrs + "y
Con‘plexb:newConplex(ZB-S 1); el se nsg += hrs + ":";
Conpl ex c; if (mins <10) nsg " 4+ mns + ""y
c = a.plus(b); else nsg += nins + ":";
System out. printl if (secs <10) nsg += " " + secs;
System out. printl el se nsg += secs;
System out. printl /Il nmsg += "." + tenths;
}
} Di mension d = getSize();
/1 int nmsgHeight = fm getAscent() + fm getDescent();
int megWdth = fm stringWdth(nsg);
int left = d.w dth-nsgWdth;
int top = 0;
int baseLine = top + fm getAscent();
g.drawstring(nmsg, left, baselLine);
}
}
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i mport j ava. appl et Appl et ; i nport java. appl et Appl et ;

i mport java.aw .

inport java.aw.
inport java.util. Date;

inport java.util. Date;

public class Count Down extends FlickerFreeApplet inplenments Runnable { public class Count DownO extends Applet inplenments Runnable {
private Font f; private Font f;

private FontMetrics fm private FontMetrics fm

private |long target; private long target;

private Thread tiner; private Thread tiner;

private String prefix; private String prefix;
public void init() { public void init() {
try { try {
prefix = getParaneter("prefix"); prefix = getParaneter("prefi
if (prefix == null) pref|x=""’ if (prefix == null) prefix = H
String bgCol or = get Pararreter( bgCol or ") ; String bgCol or = getParaneter("bgColor");
if (bgColor == null) bgColor = "ffffff"; if (bgColor == null) bgColor = "ffffff";
set Backgr ound( new Col or (I nt eger. par sel nt (bgCol or, 16))); set Backgr ound( new Col or (I nt eger. parsel nt (bgCol or, 16)));
catch (Exception e) { catch (Exception e) {
set Background( Col or. white); set Backgr ound( Col or. white);
}
try { try {
String fgCol or = getParaneter (" fgCoI or"); String fgColor = getPararreter(”ngoI or");
if (fgColor == null) fgColor = if (fgColor == null) fgColor ="
set For egr ound(new Col or (I nteger. parsel nt(fgColor, 16))); set For egr ound( new Col or(lnteger parselnt(fgCoI or,16)));

catch (Exception e)
set For egr ound( Col or. bl ack) ;

} }
target = new Date(getParaneter(“date")).getTinme();

catch (Exception e) {
set For egr ound( Col or . bl ack) ;

target = new Date(get Paraneter("date")).getTine();
String font Nane = get Paraneter ("font Nane"

if (fontName == null) fontNanme="Ti mresRoman"

String fontName = get Paraneter ("font Name");
int fontSize = Integer.getlnteger("fontSize", 18).intVal ue(); if (fontNanme == null) fontName="Ti nesRoman"
f = new Font (font Nane, Font. BOLD, f ont Si ze) ; int fontSize = Integer.getlnteger(" font Si ze" ,18).intValue();
if (f ==null) f = new Font ("Ti nesRoman", Font. BOLD, 18) ; f = new Font (font Nane, Font . BOLD, f ont Si ze) ;
set Font (f); if (f == null) f = new Font (" Ti mesRoman", Font. BOLD, 18) ;
fm = get Font Metrics(f); set Font (f);
} fm = get FontMetrics(f);
}
public void start() {
if(timer == null) public void start() {
{ if(timer == null)
timer = new Thread(this);
timer.start(); timer = new Thread(this);
} timer.start();
} }
}
public void stop() {
timer = null; public void stop() {
} timer = null;
}
public void run() {
while (timer !'= null) { public void run() {
try { Thread. sl eep(800); } while (tinmer !'= null) {
catch (InterruptedException e){ } try {
repaint(); Thr ead. sl eep(800) ;

}
timer = null; catch (InterruptedException e){
}

repaint();
public void paint(G aphics g)
{

timer = null;
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} inport java.applet.*;
inport java.awt.*;
public void update(G aphics g) { inport java.aw.event.*;
paint(g); inport java.util.*;
}
/** A sinple drawi ng package
public void paint (G aphics g)
{ * When nouse clicked or dragged, leave a trail of red dots
long millisecondsRenmaining = target - SystemcurrentTimeMIlis(); *
String nsg = prefix + " - "; */
if (mllisecondsRemaining < 0) {
m | lisecondsRenai ning = -mllisecondsRenaini ng; public class Draw extends Applet {
meg = "+ ", Vect or dot sToDraw = new Vector();
} public void init() {
| ong secondsRenmi ni ng = nillisecondsRenai ni ng/ 1000; Mouseli stener m = new MouseAdapter () {
| ong secs = secondsRenai ni ng¥%60; public void nousePressed(MuseEvent e) {
| ong mins = secondsRenmai ni ng/ 60%60; dot sToDr aw. addEl enent (e. get Point ());
long hrs = secondsRenai ni ng/ 3600%24; repaint();
| ong days = secondsRenai ni ng/ 3600/ 24; }
/1 long tenths = mi|lisecondsRenai ni ng/ 100%40; }s
if (days > 0) nsg += days + ":"; addMouseli stener (m ;
if MbouseMbt i onLi st ener mm = new MouseModti onAdapter () {
el public void npuseDr agged( MbuseEvent e)
i o dot sToDr aw. addEl enent (e. get Point());
repaint();
if (secs <10) msg += + secs; }
el se neg += secs; 1
11 + tenths; addMouseMbt i onLi st ener (mm) ;
}
Di nension d = getSize();
public void update(G aphics g) {
/1 int nsgHeight = fmgetAscent() + fm getDescent(); paint(g);
int msgWdth = fm stringwWdth(nsg);
int left = d.w dth-nmsgWdth;
int top = 0; public void paint(Gaphics g) {
int baselLine = top + fm getAscent(); g. set Col or (Col or.red);
g.drawstring(nsg, left, baseLine); Enuneration e = dotsToDraw. el enments();
} whi l e (e. hasMoreEl enents())
} Point p = (Point) e.nextElenent();
g.fillOval (p.x-2,p.y-2,5,5);
}
}
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i mport java. appl et. Appl et ;
import java.aw.*; inport java.io.*;
/** Display a nessage in a user selected font */ /** trival programto read input and echo it to output with
public class DisplayText Appl et extends Applet { * line nunbers
private Font f; */

private

private

FontMetrics fm

String nsg;

public void init() {
try {

cat

}

String fontName = get Paraneter ("fontName");

if (fontName == null) fontNane="Ti nesRonan";

int fontSize = Integer.getlnteger("fontSize", 18).intVal ue();
nmsg = get Paraneter (" nmessage");

if (msg == null) nsg="Hello World!";

f = new Font (font Nane, Font. BOLD, f ont Si ze) ;

if (f == null) f = new Font ("Ti nesRoman", Font. BOLD, 12);
set Font (f);

fm = get Font Metrics(f);

ch(Exception e)

Systemout. println("Exception: " + e);

public void paint (G aphics g)

try

cat

{

Di mension d = getSize();
int megWdth = fmstringWdth(nsg);

nt msgHei ght = fm get Ascent() + fm getDescent();
nt left = (d.width-nsgWdth)/2;

nt top = (d.height - nsgHeight)/2;

nt baselLine = top + fm getAscent();

nt bottom = baseLine + fm getDescent();
Systemout.println("width =" + msgWdth);
System out. println("height =" + nsgHeight);
.set Col or (Col or.red);
.drawstring(nsg, left,

baselLi ne) ;

. set Col or (Col or. bl ue) ;

.drawLi ne(l eft, baselLi ne, | ef t +nsgW dt h, baseLi ne) ;
.drawLi ne(l eft,top,|eft+nsgWdth, top);

.drawLi ne(l eft, bottom | eft+nsgW dt h, botton);

Q@eea@ @@ >=T T

ch(Exception e)

System out. println("Exception: " + e);

class Echo

public static void main(String [] args) {

String s;
Buf f eredReader in = new Buf f eredReader ( new | nput StreanReader (Systemin));
int i =1;
try {

while((s = in.readLine()) '= null)

Systemout.printIn((i++) + ": " + s);

}
catch(1 OException e) {

Systemout.printin("Error: " + e);
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inport java.awt.*; /** Flicker Free applet
inport java.awt.event.*; *
* Extend this rather than Applet to nake your applet flicker free.
/** A toy exanple to show how event handling works in 1.1 AWE */ * Uses offscreen bitmap to renove flicker.
*
public class EventHandling { */
GU gui = new GQUI();
voi d search(ActionEvent e) { inport java.applet. Appl et;
Systemout.println("Search: " + e); i nport java.awt . Di nension;
} inport java.awt .| nmage;
voi d sort(Acti onEvent e) { inport java.awt .G aphics;
Systemout.println("Sort: " + e); import java.awt. Col or;
}
voi d check(|tenEvent e) { public class FlickerFreeAppl et extends Applet {
System out. println("Check: " + e); private | mage of f scr eenl mage;
} private Graphics of fscreenG aphics;
voi d text(Acti onEvent e) private Di nension of fscreenD nension;
Systemout. println("Text event: " + e);
} public FlickerFreeApplet() {
voi d text(Text Event e) { of fscreenlmage = nul | ;
Systemout.println("Text: " + e); of fscreenGraphics = null;
of f screenDi nensi on = nul | ;
static public void main(String args[]) { }
Event Handl i ng app = new Event Handl i ng();
public final void update(G aphics g) {
class QU extends Frane { /1 Innerclass of EventHandling Di nension d = getSize();
public QU () { // in Java 1.0.2, equals is not defined for D nension
super (" Event Handl i ng") ; /1 this is fixed for 1.1, but we will cope with 1.0.2
set Layout (new Fl owLayout ()); if (offscreenlmage == null ||
Button b; d.width ! = of fscreenDi nensi on. wi dt h
add(b = new Button("Search")); || d.height != offscreenDi nension. height) {
b. addActi onLi st ener ( of f screenDi mensi on = d;
new ActionLi stener () { of f screenl mage = createl mage(of f screenDi mensi on. wi dt h, of f scr eenDi nensi
public void actionPerforned(ActionEvent e) { of f screenGraphi cs = of f screenl nage. get Gr aphi cs();
search(e); 1
}
} of f screenGr aphi cs. set Col or (get Background());
) of f screenGraphics. fill Rect (0,0, of fscreenDi nmensi on. wi dt h, of f scr eenDi nensi or
add(b = new Button("Sort")); of f scr eenGr aphi cs. set Col or (get For eground());
b. addAct i onLi st ener ( of f screenGr aphi cs. set Font (get Font () ) ;
new Acti onLi stener () pai nt (of f screenGr aphi cs);
public void actionPerfornmed(ActionEvent e) { g. drawl mage( of f screenl mage, 0, O, t hi s);
sort(e); }
} }
);
Checkbox cb;
add( cb = new Checkbox("al phabetical"));
cb. addl tenLi st ener (
new ltenlistener() {
public void itenttateChanged(ltenEvent e) {
check(e);
);
Choi ce c;
add ( ¢ = new Choice());
c.addl ten("Red");
c.addltem("G een");
c.addl ten( "Bl ue");
c. addl t enLi st ener (
new | tenli stener ()
public void itenttateChanged(ltenEvent e) {
check(e);
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}

)
TextField tf;
add(tf = new TextField(8));
tf.addActi onLi st ener (
new ActionListener() {
public void actionPerfornmed(ActionEvent e) {
text(e);
}

}
)
tf.addText Li st ener (
new Text Li st ener ()
public void textVal ueChanged(Text Event e) {
text(e);

}

L;ck():
show() ;

inport java. appl et. Appl et ;
inport java.aw.*;

/** Similar to DisplayTextApplet, but with animtion */

public class Fl oat Text Appl et extends FlickerFreeAppl et inplenents Runnable {
private Font f;
private FontMetrics fm

private String nsg;

private int megWdth, msgHeight;
private Dinmension d;

private int ascent;

private double x,y,dx,dy, nx, ny;
bool ean die = f
i

al se;
public void init() {
String fontName = get Paraneter ("font Name");

if (fontNane == null) fontNanme="Ti nesRoman";
System out. println("Fontnane: " + fontNane);
int fontSize = Integer.getlnteger("fontSize", 18).intVal ue();

System out. println("Fontsize
msg = get Par anet er ("nessage");

if (msg == null) nsg="Hello World!
Systemout.println("nsg: " + nsgQ);

+ fontSize);

f = new Font (font Nane, Font. BOLD, f ont Si ze) ;
set Font (f);

Systemout.printin(“font: " + f);

fm= getFontMetrics(f);

msgWdth = fm stri ngWdth(nsg);

ascent = fm getAscent();

nmsgHei ght = ascent + fm getDescent();

d = getSize();

mx = d.width - nsgWdth;
ny = d. height - nsgHei ght;
x = Math.randon() * nx;
y = Math.randon() * ny;
dx = Math.randon() * 6 - 3;
dy = mMath.randon() * 6 - 3;

y
new Thread(this).start();
}

public void run() {
while (!die)
try { Thread. sl eep(150);
catch (InterruptedException e) { };
synchroni zed(this) {
d = getSize();

m = d.width - msgWdth;
nmy = d. height - msgHei ght;
X += dx;
y += dy;
dy += 0.1;
if (x <0) {
X = -X;
dx = -dx + Math.randon()*2-1;

else if (x > nmx) {
X = 2*nk-X;
dx = -dx + Math.randon()*2-1;

}
if (y <0) {
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y = -y buttonLayout. set Al i gnment (al i gnnent) ;
dy = -dy + Math.randon()*2-1; but t onPanel . i nval i date();
} but t onPanel . val i date();
elself(y>rry){ }
y = 2*ny-y; }
dy =-dy + Mat h. randon() *2- 1; }s
} cbg = new CheckboxG oup();
repaint(); left = new Checkbox("left", false, chg);
I eft.addl tenli stener( new AI i gnnent Changer ( Fl owLayout . LEFT) );
} center = new Checkbox("center", true, cbg);
} center. addl t enLi st ener( new Al i gnnment Changer ( Fl owLayout . CENTER) ) ;
right = new Checkbox("right", false, cbg);
public void destroy() { right. addl tenLi stener ( new AI i gnment Changer ( Fl owLayout . RI GHT) );
die = true;
} Panel sPanel = new Panel ();
add( sPanel , Bor der Layout . SOUTH) ;
public synchroni zed voi d pai nt (G aphics g) sPanel . add(l eft);
{ sPanel . add(center);
g. set Col or (Col or. red); sPanel . add(ri ght);
g.drawstring(nsg, (int) x, (int) y+ascent); }
} public synchroni zed void start() {
} stopped = fal se;
if (!running) {
running = true;
(new Thread()
public void run() {
while (true)
synchroni zed (Fl omayout Test.this) {
if (stopped) {
running = false;
br eak;
}
checkText ();
}
try {
sl eep(500);
catch (InterruptedException e) {
}
}
}
).start();
}
public synchronized void stop() {
stopped = true;
}
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inmport java.util.StringTokeni zer; 1*
import java.applet.* * Copyright (c) 1994-1996 Sun M crosystens, Inc. Al Rights Reserved.
inport java.awt.*; * @rodi fied 96/ 04/ 24 Ji m Hagen changed stressCol or
inport java.aw.event.* *
* Permission to use, copy, nodify, and distribute this software
/** Applet to denpnstrate the FlowlLayout */ * and its docunentation for NON- COWERCI AL or COMVERCI AL purposes and
* without fee is hereby granted.
public class FlowLayout Test extends Applet { * Please refer to the file http://java. sun. conf copy_tradenarks. ht m
Panel buttonPanel ; * for further inportant copyright and trademark information and to
String nsg; * http://java.sun.conflicensing. htnl for further inportant licensing
bool ean text NeedsUpdate = true; * information for the Java (tm Technol ogy.
bool ean stopped = fal se; */
bool ean running = fal se;
inport java. util *;
Text Area buttonSource; inport java.awt.
Fl omLayout buttonLayout ; inport java.appl et Appl et ;
CheckboxG oup chg;
Checkbox left, center, right; public class Graph extends Applet {

synchroni zed voi d checkText () {
if (textNeedsUpdate) {
msg = buttonSource. get Text () ;
set Buttons();
t ext NeedsUpdate = fal se;

}

void setButtons() {
but t onPanel . renmoveAl | ();
StringTokeni zer tokens
= new StringTokeni zer (nsg,
whi | e (tokens. hasMor eTokens())
but t onPanel .
but t onPanel .

\t\n");

val i date();

public void init() {
set Layout (new Border Layout ());

but t onSource = new Text Ar ea(

"The quick brown fox junped over
+ "Now is the time for all

4, 40, Text Ar ea. SCROLLBARS_NONE) ;

add( but t onSour ce, Bor der Layout . NORTH) ;

add(new j ava. awt . But t on(t okens. next Token()));

the lazy dog.\n"
good nen to cone to the aid of their

but t onSour ce. addText Li st ener ( new Text Li stener () {

public void textVal ueChanged( Text Event
synchroni zed (Fl owLayout Test. this)
t ext NeedsUpdate = true;
}

}
)

butt onPanel = new Panel ();

add( but t onPanel , Bor der Layout . CENTER) ;
butt onLayout = new Fl owLayout ();

but t onPanel . set Layout ( butt onLayout) ;

cl ass Al i gnnent Changer
int alignnent;

i npl enent s

public Alignnment Changer(int a) {
alignment = a;

};

public void itenStateChanged(!tenEvent
if (e.getStateChange() == IltenEvent.

e) {
{

ItenListener {

e) {
SELECTED) {

countr|

static class Node {
doubl e x;
doubl e vy;

doubl e dx;
doubl e dy;

bool ean fi xed;

String I bl;

}

static class Edge {
int from
int to;

doubl e | en;

static class G aphPanel extends Panel inplenents Runnable {
Graph graph;
int nnodes;
Node nodes[] = new Node[ 100] ;
int nedges;
Edge edges[] = new Edge[ 200];
Thread rel axer;

bool ean stress;

bool ean random

GraphPanel (Graph graph) {
this.graph = graph;

}
int findNode(String Ibl) {
for (int i =0 ; i < nnodes i ++)
if (nodes[i].lbl.equals(lbl)) {
return i;
}
}
return addNode(l bl);
int addNode(String Ibl) {

Node n = new Node();
n.x = 10 + 380*Mat h. randon();




nodes[ nnodes] = n;

return nnodes++;
}
voi d addEdge(Strlng from String to,

int len) {
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n.y = 10 + 380*Mat h. randon(); if ((offscreen == null) || (d.width !'= offscreensize.width) || (d.heig
n.Ibl =1bl; of fscreen = createlrrage(d wi dt h, d.height);

of f screensi ze = d;
of f graphi cs of f screen. get Graphi cs();
of f gr aphi cs. set Font (get Font ());

}

Di nension d = getSize();

Edge e = new Edge();
e.from = findNode(from; of f graphi cs. set Col or (get Background())
e.to = findNode(to); of fgraphics.fill Rect(0, O, wi dt h, d. height);
e.len = len; for (|nti=0:i<nedges:|++)(
edges[ nedges++] = e; Edge e = edges[i];
int x1 = (int)nodes[e.froni.x;
int yl = (int)nodes[e.fronj.y;
public void run() { int x2 = (int)nodes[e.to].Xx;
while (true) { int y2 = (int)nodes[e.to].y;
relax(); int len = (int)Math.abs(Math.sqrt ((x1-x2)*(x1-x2) + (yl-y2)*(yl-yZ
if (random && (Math.randonm() < 0.03)) { of f graphi cs. setColor((len < 10) ? arcColorl : (len < 20 ? arcCol or|
Node n = nodes[ (int)(Math.randon() * nnodes)]; of f graphi cs. drawLi ne(x1, y1, x2, y2);
if (!'n.fixed) { if (stress) {
n.x += 100*Mat h. randon() - 50; String I bl = String.valueC (len);
n.y += 100*Mat h. randon() - 50; of f graphi cs. set Col or (stressCol or);
} of fgraphi cs.drawString(lbl, x1 + (x2-x1)/2, yl1 + (y2-yl1)/2);
graph. pl ay(graph. get CodeBase(), "audio/drip.au"); of f gr aphi cs. set Col or ( edgeCoI or);
} }
try { Thread. sl eep(100); }
catch (InterruptedException e) {
br eak; Font Metrics fm = of fgraphi cs. get Font Metrics();
} for (int i =0 ; i < nnodes ; i++) {
} pai nt Node( of f graphi cs, nodes[i], fm;
} }
synchroni zed void relax() { g.drawl mage(of fscreen, 0, 0, null);
for (int i =0 ; i < nedges ; i++) { }
Edge e = edges[i];
doubl e vx = nodes[e.to].x - nodes[e.fronj.x; public synchroni zed bool ean nmobuseDown(Event evt, int x, int y) {
doubl e vy = nodes[e.to].y - nodes[e.fronj.y; doubl e bestdi st = Doubl e. MAX_VALUE;
double len = Math.sqrt(vx * vx + vy vy); for (int i =0 ; i < nnodes ; i++) {
double f = (edges[i].len - len) / (len * 3) ; Node n = nodes[i]:
double dx = f * vx; doubl e di st (n.x - x) * (n.x - x) +(n.y - y) * (ny-y);
double dy = f * vy; if (dist <bestd|st) {
pick =
nodes[e.to].dx += dx; best di st = dist;
nodes[e. to].dy += dy;
nodes[e.froni.dx += -dx; }
nodes[e.fronj.dy += -dy; pi ckfi xed = pick. fixed;
} pi ck. fixed = true;
pi ck.x = x;
for (int i =0 ; i < nnodes ; i++) { pick.y =vy;
Node nl = nodes[i]; repaint();
doubl e dx = O; return true;
doubl e dy = 0; }
< nnodes ; j++) { public synchroni zed bool ean nouseDrag(Event evt, int x, int y) {
pick.x = x;
pick.y =y;
} repaint();
Node n2 = nodes[j]; return true;
double vx = nl.x - n2.x; }
double vy = nl.y - n2.y;
double len = vx * vx + vy * vy; public synchroni zed bool ean nouseUp(Event evt, int x, int y) {
if (len == 0) { pick.x = x;
dx += Math.randon(); pick.y =vy;
dy += Math.randon(); pi ck. fixed = pickfixed;
} pick = null;
else if (len < 100%100) {
dx += vx / len; repaint();
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dy += vy / len; return true;
}
} ) .
double dlen = dx * dx + dy * dy; public void start(
if (dlen > 0) rel axer = new Thread(this);
dlen = Math.sqgrt(dlen) / 2; rel axer.start();
nl.dx += dx / dlen; }
nl.dy += dy / dlen; public void stop() {
} rel axer.stop();
}
}
Di mension d = get Si ze();
for (int i =0 ; i < nnodes ; i++) { GraphPanel panel ;
Node n = nodes[i];
if (!'n.fixed) { public void init() {
n.x += Math. max(-5, Math.min(5, n.dx)); set Layout (new Border Layout());
n.y += Math. max(-5, Math.mn(5, n.dy));
//Systemout.println("v=" + n.dx + "," + n.dy) panel = new GraphPanel (this);
if (n.x < 0) add(" Center”, panel);
n.x = 0; Panel p = new Panel ();
} add(" Sout h", p);
else if (n.x > d.width) { p. add(new Button("Scranble"));
n.x = d.w dth; p. add(new Button("Shake"));
3} p. add(new Checkbox("Stress"));
if (nny <0) { p. add(new Checkbox(" Randont'));
n.y = 0;
} String edges = getParaneter("edges");
else if (n.y > d. helght) { for (Stri ngTokeni zer t = new StringTokenizer(edges, ",") ; t.hasMreTokens
n.y = d. height; String str = t. nextToken()
} int i = str.indexOf('-");
} if (i >0) {
n.dx /= 2; t len = 50;
n.dy /= 2; t j = str.indexOF('/');
} (3 >0
repaint(); len = Integer.val ueO (str.substring(j+1)).intValue();
} str = str.substring(0, j);
}
Node pi ck; panel . addEdge(str.substring(0,i), str.substring(i+1), len);
bool ean pi ckfi xed; }
I mage of fscreen; }
Di nensi on of f screensi ze; Di nension d = getSize();
G aphi cs of f graphi cs; String center = getParaneter("center");
if (center !'= null){
final Color fixedColor = Color.red; Node n = panel nodes[ panel . fi ndNode(center)];
final Color selectColor = Color. pink; n.x =d.width / 2;
final Color edgeCol or = Col or. bl ack; n.y = d. height / 2;
final Color nodeCol or = new Col or (250, 220, 100); n.fixed = true;
final Color stressColor = Color.darkG ay; }
final Color arcColorl = Col or.bl ack; }
final Color arcColor2 = Col or. pi nk;
final Color arcColor3 = Color.red; public void start() {
panel .start();
public void pai nt Node(Graphics g, Node n, FontMetrics fm { }
int x = (int)n.x; public void stop() {
int y=(int)n.y; panel . stop();
g.setCol or((n == pick) ? selectColor (n.fixed ? fixedCol or nodeCol }
int w=fmstri nngt h(n.1bl) + 10; public bool ean action(Event evt, Cbject arg) {
int h = fmgetHeight() + 4; if (arg instanceof Bool ean) {
g.fillRect(x - w2, y - h/ 2, w h); if (((Checkbox)evt target).getlLabel ().equal s("Stress")) {
g. set Col or (Col or. bl ack) ; panel . stress = ((Bool ean)arg) . bool eanVal ue();
g.drawRect(x - w2, y - h/ 2, wi, h-1); }
g.drawstring(n.lbl, x - (w10)/2, (y - (h-4)/2) + fmgetAscent()); el se {
} panel . random = ((Bool ean) ar g) . bool eanVal ue() ;
public synchroni zed voi d update(G aphics g) { return true;
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if ("Scranble".equals(arg)) {
pl ay(get CodeBase(), "audi o/ conputer.au");
Di mension d = getSize();
for (int i =0 ; i < panel.nnodes ;
Node n = panel . nodes[i];
if (!n.fixed) {
n.x = 10 + (d.w dt h-20)*Mat h. randon() ;

i++) {

n.y = 10 + (d. hei ght - 20) *Mat h. r andor() ;

}
}
return true;

}
if ("Shake".equals(arg)) {
pl ay(get CodeBase(), "audio/gong.au");
Di mensi on d = getSize();
for (int i =0 ; i < panel.nnodes ;
Node n = panel . nodes[i];
if ('n.fixed) {
n.x += 80*Mat h. randonm() - 40;
n.y += 80*Mat h.random() - 40;

i++) {

}
return true;

}
return fal se;

i mport ] ava. awm .
inport java. appl et Appl et ;
/** Conpl ex denonstration of GidBaglLayout

* shows result
* —anchor, fill,
*
*/
public class GidBagLayout Test2 extends Appl et

insets, ipad and wei ght

cl ass RedButton extends java.awt.Button {
public RedButton(String |abel) {
super (| abel ) ;
set Backgr ound( Col or. red);
}

public void init() {
set Font (new Font (" SansSeri f", Font
set Layout (new Gri dBagLayout ());
GridBagConstraints c¢ = new GidBagConstrain
c.gridwi dth = c. gridhei ght=1;

c.fill = GidBagConstraints. BOTH;

c.weightx = c.weighty = 1;

c.gridx = c.gridy = 0O;

c.fill = GidBagConstraints. VERTI CAL;

add(new RedButton("fill=Vertical"), c);

c

c

c

a

CPLAIN, 9));

d

fill = GidBagConstraints. BOTH;
L gridx++;

fill = GidBagConstraints. NONE;
dd(new RedButton("fill=None"), c);
c.gridx++;
c.anchor = Gi dBagConstrai nts. SOUTHEAST;
add(new RedButton("fill =None,
c.gridx++;
c.anchor = GridBagConstrai nts. NORTH;
c.fill = GidBagConstraints. HORI ZONTAL;
add(new RedButton("fill =Horizontal, Anchor=N"
c.anchor = GridBagConstrai nts. CENTER;

.fill = GridBagConstrai nts. NONE;
. gridx=0;

Lgridy++;

.ipadx = 30

add(new RedButton( "fill=None,
C.gridx++;

c.ipadx = 0;

c.ipady = 15;

add(new RedButton("*"), c);
c.ipady = 0;

c.fill = GidBagConstraints. BOTH;

ocooo

i padx=30"), c);

C.gridx++;

c.insets = new Insets(2,2,2,2);

add(new RedButton("inserts=2,2,2,2"), c);
c.gridx++;

c.insets = new Insets(10, 10, 10, 10);

add(new RedButton("inserts=10, 10, 10, 10"), c);
c.insets = new Insets(0,0,0,0);

c: gridy++;
c. gridw dt h=2;
add(new RedButton("gridw dth=2"), c);

Anchor =SE"), c);

of changing gridw dth and gridhei ght,

ts();

). ©);
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i mport java.aw .

i mport j ava. appl et Appl et ;

/** Sinple denpnstration of GidBaglLayout
*
* shows result

*

*/

of changing gridw dth and gridhei ght

public class GidBaglLayout Test extends Appl et
class RedButton extends java.aw .Button {
public RedButton(String |abel) {
super (| abel ) ;
set Backgr ound( Col or. red);
}

public void init()
set Font (new Font (" SansSerif", Font.
set Layout (new Gri dBagLayout ());
GidBagConstraints c¢ = new GidBagConstraints();
c.gridwi dth = c.gridhei ght=1;
c.fill = GidBagConstraints. BOTH;
c.weightx = c.weighty = 1;
c.gridx = c.gridy = 0;

PLAIN, 9));

int label = 1;

add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
c. gridx=0;

c.gridy++;

add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
add( new RedButton(lnteger.toString(label ++)), c);
c.gridx=0;

c.gridy++;

c.gridw dt h=2;

add( new RedButton(lnteger.toString(label ++)), c);
c.gridw dt h=1;

c.gridx+=2;

add( new RedButton(lnteger.toString(label ++)), c);
c.gridx++;

c. gridhei ght =2;

add( new RedButton(lnteger.toString(label ++)), c);
c. gridhei ght =1;

c. gridx=0;

c.gridy++;

add( new RedButton(lnteger.toString(label ++)), c);

C.gridx++;

c.gridw dt h=2;

add( new RedButton(lnteger.toString(label ++)), c);
}

public static void main(String[] args) {
Appl et Frane. frane(new Gri dBagLayout Test ());

. gridx++;
. gridx++;
. gridx++;

. gridx++;
. gridx++;
. gridx++;

c. wei ghty 2;
add(new RedBut t on("wei ghty=2"), c);

c. grl dhei ght =2;
add(new RedButton("gridheight=2"), c);
c. gridhei ght =1;

c. gri dx=0;
c.gridy++;
c.weightx = c.weighty = 0;
add(new RedBut t on("wei ght x=wei ghty=0"), c);
c.gridx++;
c.gridw dt h=2;
c. wei ght x=1;
add(new RedButton("gridw dt h=2, weighty=0"),
c.gridw dt h=1;

c);
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inport java.applet.*; public class Hell owrl dAppl et extends java. appl et. Applet {
inport java.awt.*; public void paint(java.awt.G aphics g) {
/1 display "Hello world",
public class GidLayout Test extends Applet { /1 with start of baseline at 20,20
public void init() { g.drawsString("Hello, wrld", 20, 20);
set Layout (new Gri dLayout (2, 3)); }
add(new Button("one")); }
add(new Button("two"));
add(new Button("three"));
add(new Button("four"));
add(new Button("five"));
add(new Button("six"));
}
}
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class Hellowrld {
public static void main(Strin
Systemout.println("Hello
}

g [] args) {
Vorld! ™y

inport java.lang.reflect.*;
inport java.io.*;
inport java.util.*;

/** Denpnstration of reflection package
*

* Read list of class nanes from standard i nput
* Invoke nmain nethods of those cl asses
*/

public class I nvokeMain
public static void main(String[] a) throws Exception {

String s;

Class [] argsTypeForMain = new Cl ass[1];
argsTypeFor Mai n[0] = a.getC ass();
while ((s = in.readLine()) != null) {

if (!st.hasMoreTokens()) continue;
String className = st.nextToken();
try {
int count = st.countTokens();
String[] args = new String[count];

Qbj ect[] argunentsTol nvoke = new Object[1];
ar gunent sTol nvoke[ 0] = args;

Systemout.println("Invoking " + classNane +
mai nMet hod. i nvoke(nul |, argunent sTol nvoke) ;

}

catch (Exception e) {
Systemout.println("Error invoking main of
e.printStackTrace();

Buf f eredReader in = new Buf f eredReader (new | nput St r eanReader (Systemin));

StringTokeni zer st = new StringTokenizer(s," \t");

for(int i=0; i < count; i++) args[i] = st.nextToken();

Cl ass cl assTol nvoke = O ass. f or Nane(cl assNane) ;

Met hod mai nMet hod = cl assTol nvoke. get Met hod( " nai n", ar gsTypeFor Mai

.main("+args+")");

+ classNanme + ": " +
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inmport java.aw.*; /** Exhaustive test of nethod and variable overriding in Java */
inport java.awt.event.*
import java.applet.* public class Override {
public static class A {
/** Buttons to pop-up applets for the |ayout tests */ public String f(A x) { return "A f(A) }
public String f(B x) { return "A f(B) }
public class Layout Test extends Applet { public static String g(A x) { return "A . g(A "; }
static String[] tests = public static Strlng g(B x) { return "A.g(B) "; }
public String h =
" Fl owLayout Test", "BorderLayout Test", public String getH() { ret urn "A.getH():" + h; }
"GridLayout Test™, }
"G i dBagLayout Test",
"Gi dBagLayout Test 2" }: public static class B extends A {
public String f(A x) { return "B.f(A)/" + super.f(x); }
cl ass ButtonwWatcher inplenents ActionListener { public String f(B x) { return "B.f(B)/" + super.f(x); }
public void actionPerfornmed(ActionEvent e) { public static String g(A x) { return "B.g(A) ";
Appl et Frane. franme(e. get Acti onCommand()); public static String g(B x) { return "B.g(B) "; }
public String h = "B. h";
} public String getH() { relurn “B.getH():" + h + "/" + super.h
But t onWat cher bw = new ButtonWatcher(); }
}
public void init() {
for(int i = 0; i < tests.length; i++) { public static void main (String[] args) {
Button b = new Button(tests[i]);
b. addAct i onLi st ener (bw) ; A a =newA(); Aab =newB(); Bb = new B();
add(b);
Systemout.println( a.f(a) + a.f(ab) + a.f(b) );
} System out . println( abf(a) + ab.f(ab) + ab.f(b) );
} Systemout.printin( b.f(a) + b.f(ab) + b.f(b) );
System out. println();
I
Il Af(A) Af(A Af(B
/1 B.f(A/AT(A Bf(A/AT(A B f(B)/ATf(B)
/1 B.f(A/AT(A Bf(A/AT(A B.f(B)/Af(B)
Systemout.println( a.g(a) + a.g(ab) + a.g(b) );
Systemout.println( ab.g(a) + ab.g(ab) + ab.g(b) );
Systemout.println( b.g(a) + b.g(ab) + b.g(b) );
Systemout.println();
/
/1 Ag(A) A g(A) A g(B)
1 Ag(A) A g(A) Ag(B)
/1 B.g(A) B.g(A) B.g(B
Systemout.println( a.h +" "+ a.getH());
Systemout.printin( ab.h +" "+ ab.getH());
Systemout.printin( b.h +" "+ b.getH());
11
/1 A h AgetH():A h
/1 A h B.getH():B.h/A h
/1 B.h B.getH():B.h/A h
}
}
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/** Denonstration of building a |inkedList class in Java */ 1*
* @#)@ortAl gorithmjava 1.3 29 Feb 1996 Janmes Gosling
public class LinkedList { *
* Copyright (c) 1994-1996 Sun M crosystens, Inc. Al Rights Reserved.
I/l Keep this private; no one else should see our inplenentation *
private static class Node { * Permission to use, copy, nodify, and distribute this software
Obj ect val ue; Node next; * and its docunentation for AL or COMMERCI AL pur poses and
Node( Cbj ect v) { value=v; next=null; } * without fee is hereby granted.
I * Please refer to the file http://ww.javasoft.conm copy_trademarks. htm
* for further inportant copyright and trademark information and to
/1 Put this here so it is clear that this is the Transfornmer for LinkedLists * http://ww.javasoft.conllicensing. htnl for further inportant
public static interface Transforner { * licensing information for the Java (tm) Technol ogy.
public Object transforn(bject v); */
} ] **
Node head, tail; * A quick sort denonstration algorithm
public String toString() { * SortAl gorithmjava
StringBuffer result = new StringBuffer("("); *
for(Node n = head; n!= null; { * @ut hor Janes Cosling
result append(n. val ue) ; * @uthor Kevin A Snith
n = n.next; * @ersion @#) @ortAl gorithmjava 1.3, 29 Feb 1996
if (n!= nuII) resul t.append(", H */
public class QSortAl gorithm extends SortAl gorithm
resul t.append(")");
return result.toString(); /** This is a generic version of C.A R Hoare’'s Quick Sort
} * algorithm This will handle arrays that are already
public LinkedList reverse() { * sorted, and arrays w th duplicate keys.<BR>
Li nkedLi st result = new LinkedList(); *
for(Node n = head; n != null; n = n.next) * 1f you think of a one dinensional array as going from
resul t. prepend(n. val ue); * the |owest index on the left to the highest index on the right
return result; * then the paraneters to this function are |owest index or
} * left and highest index or right. The first tinme you call
* this function it will be with the paraneters 0, a.length - 1.
public void applyTransforner(Transformer t) { *
for(Node n = head; n != null; n = n.next) * @aram a an integer array
n.value = t.transform(n. val ue); * @aram | 00 left boundary of array partition
} * @aram hi 0 right boundary of array partition
public void append(bject v) { */
Node n = new Node(V); void QuickSort(int a[], int 100, int hiO) throws Exception
if (tail == null) head=n;
el se tail.next = n; int lo = 100;
tail = n; int hi = hioO;
} int mid;
public void prepend(Object v) {
Node n = new Node(V); /1 pause for redraw
if (tail == null) tail=n; pause(lo, hi);
n. next = head; if ( hio > 100)
head = n; {
}
/* Arbitrarily establishing partition elenment as the midpoint of
public static void main(String [] args) { * the array.
Li nkedLi st test = new LinkedList(); */
test.append("A"); test.append("B"); test.append("C'); md=al ( lo0O + hi0o) / 2];
Systemout.println(test.reverse());
} /1 loop through the array until indices cross

while( lo <= hi
{

/* find the first element that is greater than or equal to
* the partition elenent starting fromthe |left I ndex.
*/
while( ( 1o <hio) & ( a[lo] < nmid) )
++| 0;
/* find an elenent that is smaller than or equal to
* the partition elenent starting fromthe right Index.

*/
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while( ( hi >100) & ( a[hi] > nid) ) }
--hi; par ent . pause(Hl, H2);
/1 if the indexes have not crossed, swap
if( 1o <=nhi) I **
{ * Stop sorting.
swap(a, lo, hi); */
/1 pause public void stop() {
pause(); st opRequested = true;
++| o;
--hi; [ x*
} * Initialize
} */
public void init() {
/* 1f the right index has not reached the left side of array st opRequested = fal se;
* must now sort the left partition.
*/
if( 100 < hi ) I **
QuickSort( a, 100, hi ); * This nmethod will be called to
* sort an array of integers.
/* 1If the left index has not reached the right side of array */
* must now sort the right partition. void sort(int a[]) throws Exception {
*/
if( 1o < hio) }
QuickSort( a, lo, hiO);
}
}
private void swap(int a[], int i, int j)
int T;
T= afil; .
afi] = a[j];
aljl =™
}
public void sort(int a[]) throws Exception
QuickSort(a, O, a.length - 1);
}
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/*

* @#)SortAl gorithmjava 1.6f 95/01/31 Janes Cosling

*
* Copyright (c) 1994-1996 Sun Mcrosystens, Inc. Al Rights Reserved.
*

* Permnission to use, copy, nodify, and distribute this software
* and its docunentation for COMVERCI AL or COMMERCI AL pur poses and
* without fee is hereby granted.
* Please refer to the file http://java. sun.conl copy_trademarks. htn
* for further inportant copyright and trademark information and to
* http://java.sun.conflicensing.htm for further inportant licensing
* information for the Java (tn) Technol ogy.
*
/

xx
* A generic sort denonstration algorithm
* SortAlgorithmjava, Thu Oct 27 10:32:35 1994
*

* @uthor Janes Cosling
* @ersion 1.6f, 31 Jan 1995
*

/

class SortAlgorithm {
I xx

* The sort item

*/

private Sortltem parent;

I xx
* When true stop sorting.
*/
protected bool ean stopRequested = fal se;
] xx
* Set the parent.
*/
public void setParent(Sortltemp) {
parent = p;
}

[ xx
* Pause for a while.
*/
protected void pause() throws Exception {
if (stopRequested) {
throw new Exception("Sort Al gorithni);

parent . pause(parent. hl, parent.h2);

}

[ xx

* Pause for a while and nark item 1.

*/

protected void pause(int Hl) throws Exception {

if (stopRequested) {
t hrow new Exception("Sort Al gorithn);

}
par ent . pause(Hl, parent.h2);
] xx
* Pause for a while and mark item1 & 2.
*/
protected void pause(int Hl, int H2) throws Exception {

if (stopRequested) {
t hrow new Exception(“Sort Algorithnt);

I *
* @#)Sortltemjava 1.17f 95/04/10 Janes Gosling

1.18 96/4/24 Jim Hagen use set Background

Copyright (c) 1994-1996 Sun M crosystens, Inc. Al Rights Reserved.
Permission to use, copy, nodify, and distribute this software
and its docunentation for NON- COMMERCI AL or COMMVERCI AL pur poses and
wi thout fee is hereby granted.
Pl ease refer to the file http://java. sun. com copy_tradenarks. ht n
for further inportant copyright and trademark information and to
http://java.sun.conflicensing. htm for further inportant |icensing
information for the Java (tn) Technol ogy.

/

R

inport java.awt.*;
nport java.io.|nputStream
nport java.util.Hashtable;
nport java.net.*;

*

A sinple applet class to denpnstrate a sort algorithm
You can specify a sorting algorithmusing the "al g"
attribyte. Wien you click on the applet, a thread is
forked which animates the sorting algorithm

R

@ut hor Janes Cosling

* @ersion 1.17f, 10 Apr 1995

*/

public class Sortltem extends java. appl et. Appl et inplenments Runnable {
*

* The thread that is sorting (or null).
/

*

private Thread ki cker;

e
* The array that is being sorted.
*
/
int arr[];
] x*
* The high water nark.
*
/
int h1 = -1;
[ x*
* The | ow water mark.
*
/
int h2 = -1;
[ x*
* The nane of the algorithm
*
/
String al gNane;
[ x*
* The sorting algorithm (or null).
*
/
Sort Al gorithm al gorithm
I
* Fill the array with random nunbers fromO..n-1.
*/

void scranble() {
int a[] = newint[size().height / 2];
double f = size().width / (double) a.length;
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for (int i = a.length; --i >=0;) { kicker = null;
a[i] = (int)(i * f); } _
} if (algorithm!= null){
for (int i a.length; --i >= 0;) { try
int j = (int)(i * Math.random()); al gorithm stop();
int t =a[il;
a[i] = a[j]; catch (111l egal ThreadSt at eException e) {
a[j] =t; /1 ignore this exception
}
arr = a; }
} }
[ x* [ x*
* Pause a while. * For a Thread to actually do the sorting. This routine nmakes
* @ee SortAl gorithm * sure we do not sinultaneously start several sorts if the user
*/ * repeatedly clicks on the sort item It needs to be
voi d pause() { * synchronoi zed with the stop() nethod because they both
pause(-1, -1); * mani pul ate the conmon ki cker variable.
*/
private synchroni zed void startSort() {
1 ** if (kicker == null || !kicker.isAlive()) {
* Pause a while, and draw the high water nark. scranbl e();
* @ee SortAlgorithm repaint();
*/ ki cker = new Thread(this);
void pause(int Hl) { kicker.start();
pause(Hl, -1); }
} }
[ x* [
* Pause a while, and draw the | ow&high water narks. * The user clicked in the applet. Start the clock!
* @ee SortAl gorithm */
*/ publ i c bool ean nouseUp(java.aw .Event evt, int x, int y) {
void pause(int HL, int H2) { startSort();
1 = H1; return true;
h2 = H2; }
if (kicker !'= null) { }
repaint();
}
try {
Thr ead. sl eep(20);
catch (InterruptedException e){
}
}
] xx
* Initialize the applet.
*/
public void init() {
String at = getParaneter("alg");
if (at == null) {
at = "Bubbl eSort";
}
al gName = at + "Algorithni;
scranbl e();
resi ze(100, 100);
[ x
* Paint the array of nunbers as a list
* of horizontal lines of varying | enghts.
*/
public void paint(Gaphics g) {
int a[] = arr;
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int y = size().height - 1;

/1 Erase old lines

g. set Col or (get Background());

for (int i = a.length; --i >=0; y -=2) {
g.drawiine(arr[i], y, size().width, y);

/1 Draw new |ines

g. set Col or (Col or. bl ack) ;

y = size().height - 1;

for (int i = a.length; --i >=0; y -=2) {
g.drawLine(0, y, arr[i], vy);

}

if (h1 >= 0)
g.set Col or (Col or.red);
y = hl * 2 + 1;
g.drawLi ne(0, y, size().width, y);

}
if (h2 >= 0) {
gsetOoIor(CoIor.blue):
=h2 * 2 + 1;
g.drawLi ne(0, y, size().width, y);

[ xx

* Update wi thout erasing the background.
*/

public void update(G aphics g) {

pai nt (g);

] *x

* Run the sorting algorithm This nmethod is

* called by class Thread once the sorting algorithm
* is started.

* @ee java.lang. Thread#run

* @ee Sortlten¥#nouseUp

*

/

public void run() {
try {
if (algorithm== null)
al gorithm setParent(this);

algorithminit();
algorithmsort(arr);

}
cat ch(Exception e) {
}

}
[ xx
* Stop the applet. Kill any sorting algorithmthat
* is still sorting.
*/
public synchroni zed void stop() {

if (kicker '= null) {

try {

ki cker.stop();

catch (111l egal ThreadSt at eException e) {
/1 ignore this exception

algorithm = (SortAl gorithn) d ass. for Nane(al gNane) . new nstance();

class SyncTest extends Thread {
String nsg;
public SyncTest(String s) {
neg = s;
start();

public void run() {
synchroni zed (Systemout) {
Systemout.print("[" + msQ);
try { Thread. sl eep(1000); }
catch (lInterrupt edExcept ione) { }:
Systemout. println("

}

public static void main(String args[]) {
new SyncTest("Hel 1o");
new SyncTest (" Synchroni zed") ;
new SyncTest ("World");
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/** Denpnstration that a String[] can be passed to a function 1*
* expecting an Qbject[] * @#)TicTacToe. j ava 1.2 95/10/13
*/ *
* Copyright (c) 1994-1996 Sun M crosystens, Inc. Al Rights Reserved.
public class TestArrayTypes { *
public static void reverseArray(Object [] A) { * Permission to use, copy, nodify, and distribute this software
for(int i=0,j=A.length-1; i<j; i++j--) { * and its docunentation for NON- COMVERCI AL or COMVERCI AL purposes and
Qobject tnp = Ali]; * without fee is hereby granted.
Alil = Aljl: * Please refer to the file http://java.sun.conl copy_tradenmarks. htnm
Aljl = tnp; * for further inportant copyright and trademark information and to
* http://java.sun.conflicensing. htm for further inportant licensing
} * information for the Java (tn) Technol ogy.
public static void main(String [] args) { */

reverseArray(args);

for(int i=0; i < args.length; i++) Systemout.println(args[i]); inport java.awt.*;
} import java.awt.inmage.*;

} import java.net.*;
inport java.applet.*;
[ xx
* A TicTacToe applet. A very sinple, and nostly brain-dead
* inplenmentation of your favorite gane! <p>
*
* In this game a position is represented by a white and bl ack
* bitmask. A bit is set if a position is ocupied. There are
* 9 squares so there are 1<<9 possible positions for each
* side. An array of 1<<9 booleans is created, it marks
* all the wi nning positions.
*
* @ersion 1.2, 13 Cct 1995
*

@ut hor Arthur van Hoff
* @wdified 96/04/23 Ji m Hagen : w nning sounds

*/
public
class TicTacToe extends Applet {
] x*
* White's current position. The conputer is white.
*
/
int white;
[ x*
* Black’s current position. The user is black.
*
int black;
[ x*
* The squares in order of inportance...
*
/
final static int noves[] = {
, 0,2 6,8 1, 3, 5 7 }
e
* The wi nning positions.
*/
static bool ean won[] = new boolean[1 << 9];
static final int DONE = (1 << 9) - 1;

static final int OK =
static final int WN
static final int LOSE = 2;

static final int STALEMATE = 3;

] **
* Mark all positions with these bits set as w nning.
*/
static void i swon(int pos) {
for (int i =0 ; i < DONE ; i++) {
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if ((i & pos) == pos) {
public class ThreadDeno inpl enments Runnable { won[i] = true;
}
public void run() { }
for (int i =5; i>0; i--) { }
Systemout.println(i);
try { Thread. sl eep(1000); } [ **
catch (InterruptedException e) { }; * Initialize all wi nning positions.
} =/
Systemout.println("exiting " + Thread.currentThread() ); static {
} iswn((1 << 0) | (1 << 1) | (1 << 2));
iswn((1 << 3) | (1 << 4) | (1 << 5));
public static void main(String args[]) iswn((1 << 6) | (1 <<7) | (1 <<28));
iswn((1 << 0) | (1 << 3) | (1 << 6));
Thread t = new Thread(new ThreadDeno(), "Deno Thread"); iswn((1 << 1) | (1 << 4) | (1 <<17));
Systemout.println("main thread: " + Thread.currentThread()); iswn((1 << 2) | (1 <<5) | (1 << 8));
Systemout.println("Thread created: " + t); iswn((1 << 0) | (1 << 4) | (1 << 8));
t.start(); iswn((1 << 2) | (1 <<4) | (1 <<6));
try { Thread. sl eep(3000); } }
catch (InterruptedException e){ };
Systemout.println("exiting " + Thread.currentThread() ); x>
} * Conpute the best nove for white.
} * @eturn the square to take
*/
int bestMve(int white, int black) {
int bestnove = -1;
| oop:
for (int i =0 ; i <9 ; i++) {
int mv = noves[i];
if (((white & (1 << mw)) == 0) && ((black & (1 << mw)) == 0)) {
int pw = white | (1 << my);
if (won[pw) {
I/ white wins, take it!
return nmw,
3
for (int mb =0 ; nb <9 ; nb++) {
if (((pw & (1 << b)) == 0) && ((black & (1 << nb)) == 0)) {
int pb = black | (1 << nb);
if (won[pb]) {
/1 black wins, take another
continue | oop;
}
) }
/1 Neither white nor black can win in one nove, this will do.
if (bestnove == - {
best move = nmw,
}
}
}
if (bestnove !'= -1) {

return bestnove;

/1 No nove is totally satisfactory, try the first one that is open
for (int i =0 ; i <9 ; i++)
int mw = noves[i];
if (((white & (1 << nw)) == 0) && ((black & (1 << my)) == 0)) {
return mw
}

}

/1 No nore noves
return -1;
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public void paint(Gaphics g) {
Di nension d = getSize();
g. set Col or (Col or. bl ack) ;
int xoff = d.width / 3;
int yoff = d.height / 3;
g. drawli ne(xof f, 0, xoff,
g. drawLi ne(2*xoff, O,
g.drawLi ne(0, yoff,
g.drawLi ne(0,

d. hei ght) ;
2*xof f, d.height);
d.width, yoff);
2*yoff, d.wi dth, 2*yoff);

;o < 3 r++)
=0; ¢c <3 ; c++, i++) {
ite & (1 <<i)) !'=0

raw mage(not | nage, c*xoff + 1,

r*yoff + 1, this);

}

else if ((black & (1 << i))
g. dr awl nage( cr ossl nage,

}

1= 0)

{
c*xof f + 1, r*yoff + 1,

}
e

* The user has clicked in the applet.

Fi gure out where
* and see if a |egal

nove is possible. If it is a legal

* nmove, respond with a legal nove (if possible).
*/
public bool ean nobuseUp(Event evt, int x, int y) {
switch (status()) {
case WN:
case LOSE:

case STALENVATE:
/1 play(get CodeBase(),
white = black = O;
if (first) {
white |= 1 << (int)(Math.randon() * 9);
}
first = !first;

repaint();
return true;

"audi o/ return.au");

}

/1 Figure out the row colum

Di n‘en5|on d = getSize();

int c=(x*3a / dwdth;
t r =(y * 3) / d. height;

(yourNbve(c +r * 3)) {
repaint();

in
in
if

swi tch (status()) {

case
// pI ay( get CodeBase(),
br eak;

case LOSE:
/1 play(get CodeBase(),
br eak;

case STALEVATE:
br eak;

defaul t:
if (nyMve()) {

"audi o/ yahool. au");

"audi o/ yahoo2. au") ;

this);
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repaint();
[** switch (status()) {
* User nove. case WN:
* @eturn true if |egal /1 pl ay(get CodeBase(), "audi o/yahool. au");
*/ br eak;
bool ean your Move(int nm) { case LOSE:
if ((m<0) ||] (m>28)) { /1 pl ay(get CodeBase(), "audio/yahoo2.au");
return fal se; br eak;
} case STALEMATE:
if (((black | white) & (1 << m) !'=0) { br eak;
return fal se; defaul t:
/1 pl ay(get CodeBase(), "audio/ding.au");
black |[= 1 << m
return true; 3}
} el se {
/1 pl ay(get CodeBase(), "audio/beep.au");
[ xx
* Conputer nove. }
* @eturn true if |egal
*/ el se {
bool ean nmyMove() { /1 pl ay(get CodeBase(), "audi o/ beep.au");
if ((black | white) == DONE) {
return fal se; return true;
} }
int best = bestMve(white, black);
white | = 1 << best; public String getAppletlnfo()
return true; return "TicTacToe by Arthur van Hoff";
}
}
[ xx
* Figure what the status of the gane is.
*/
int status() {
if (won[white]) {
return WN,
}
if (won[black]) {
return LOCSE;
}
if ((black | white) == DONE) {
return STALEMATE;
}
return OK;
}
] xx
* Who goes first in the next gane?
*/
bool ean first = true;
] xx
* The image for white.
*/
| mage not | mage;
] xx
* The image for black.
*/
I mage crossl mage;
[ x
* Initialize the applet. Resize and |oad inages.
*/
public void init() {
not | rage = get | mage(get CodeBase(), "inages/not.gif");
crossl mage = getl nmage(get CodeBase(), "inmages/cross.gif");
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} inport java. appl et Appl et ;
inport java.awt.
1** inport java.util. Date;
* Paint it.
*/

public class Timer extends FlickerFreeAppl et
private Font f;
private FontMetrics fm
private long target;
private Thread timer;
private bool ean running =false;
private bool ean count Down = true;
private long start;
private long duration = 15*60*1000;
private bool ean soundNot Pl ayed = true;
private bool ean soundLoaded = fal se;

i npl enents Runnabl e {

public void init() {
try {
String bgCol or = getParaneter("bgCol or");
if (bgColor == null) bgColor = "ffffff";
set Backgr ound( new Col or (I nt eger. par sel nt (bgCol or, 16)));

catch (Exception e)

Systemout. println("bg color exception" + e);

set Backgr ound( Col or. white);

if (running) {
running = fal se;

}
el se {
runni ng = true;
soundNot Pl ayed = true;
start = SystemcurrentTimeMI1lis();

}
duration = 60*1000*I nteger. getlnteger("duration", 25).intVal ue();
if (duration == 0) duration = 16*1000;
String fontNane = get Paraneter ("font Nane");
if (fontName == null) fontNane="Ti nesRoman";
int fontSize = Integer.getlnteger("fontSize", 18).intVal ue();
f = new Font (font Name, Font . BOLD, f ont Si ze) ;
if (f == null) {
&/st em out.println("Font not found: + font Narme
+ fontSize +")");
f = new Font (" Ti mesRoman", Font. BOLD, 12) ;
}
set Font (f);
fm= getFontMetrics(f);
}
public void start() {
if(tiner == null)
timer = new Thread(this);
timer.start();
}
}
public void stop() {
timer = null
publ i c bool ean handl eEvent (Event e) {
if (e.id == Event. MOUSE_| {
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}
repaint();
return true;

}
return super. handl eEvent (e);

}
public void run() {
while (true)
synchroni zed (this) {
if (timer == null) break;
}
try {
Thr ead. sl eep(900) ;
catch (InterruptedException e){
}
if (running) repaint();
}
public void paint(G aphics g)
{
String nsg;
fm = g.getFont Metrics();

if (running) {

l ong secondsRemai ning = (start + duration - SystemcurrentTi neMIlis()

if (secondsRemai ning > duration/8000) g.setColor(Color.green);

el se if (secondsRenmining > 0) g.setColor(Color.yellow;
el se g.setCol or(Color.red);

if (!soundLoaded || secondsRenmining < -5 & soundNot Pl ayed) {

try {
pl ay(get CodeBase(), "audi o/ cowbell.au");

catch (Exception e) {
System out. println("Sound exception: " + e);

soundLoaded = true;
soundNot Pl ayed = fal se;
}

msg = ;
if (secondsRenai ning < 0)
secondsRenai ni ng = - secondsRenwi ni ng;
meg = "- "

| ong secs secondsRenai ni ng%60;

|l ong m ns secondsRenai ni ng/ 60%60;

|l ong hrs = secondsRenmi ni ng/ 3600%24;
| ong days = secondsRenai ni ng/ 3600/ 24;

if (days > 0) msg += days + ":
if (hrs >0 & hrs <10) nsg += "
else if (hrs >= 10) nsg += hrs +
if (mMmns >0 & mins <10) nBg +=
else if (mins >= 10) nsg += mins + ":
if (secs <10) {

if (mMmns > 0) neg += "0" + secs;

else nsg += " " + secs;

el se nsg += secs;

cl ass UnSyncTest extends Thread {

String nsg;

public UnSyncTest(String s) {
nmsg = s;
start();

public void run() {
Systemout.print("[" + nmsQ);
try { Thread. sl eep(1000); }
catch (InterruptedException e) { };
Systemout.printin("]");

public static void main(String args[]) {
new UnSyncTest ("Hel |l 0");
new UnSyncTest (" UnSynchroni zed") ;
new UnSyncTest ("Wrid");
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el se {

msg = "dick";

g. set Col or (Col or. bl ue) ;
}

Di nension d = getSize();
int megWdth = fm stringWdth(nsg);

int msgHei ght = fm getAscent() + fm getDescent();

int left = (d.w dth-msgWdth)/2;

int top = (d.height-(fm getAscent()+fmgetDescent()))/2;
int baseLine = top + fmgetAscent();

int bottom = baseLine + fm getDescent();

g.drawstring(nsg, left, baseLine);




